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HE paucity of reports which discuss the association of carcinoma of the 

stomach and duodenal ulcer lends support to the view that these two fre- 
quently encountered disease entities are seldom found in the same individual. 
The present report is based on an analysis of 7 patients from The New York 
Hospital—Cornell University Medical Center, in whom the diagnosis of earci- 
noma of the stomach and duodenal ulcer appeared to be well established. A 
review of the literature has been made to attempt to determine the clinical sig- 
nificance of these findings. 

CASE REPORTS 


CasE 1.—J. McD., a 73-year-old man, was admitted Dec. 31, 1954, complaining of in- 
creasing constipation, abdominal distention, and postprandial fullness of 5 months’ duration. 
In recent months the patient had developed vomiting of increasing frequency and noted a 
12-pound weight loss. A gastrojejunostomy had been performed at another hospital 36 
years earlier for chronic duodenal ulcer. Physical examination revealed a thin, chronicaliy 
ill, white man with a hard, movable right upper quadrant mass. The hemoglobin was 12 
Gm. An upper intestinal roentgenogram revealed an annular lesion of the distal stomach 
with obstruction and retention. At the time of operation (Jan. 7, 1955), carcinoma of the 
stomach with peritoneal implants was found. A palliative jejunojejunostomy and anterior 
gastrojejunostomy were performed. Histologic examination of the neoplasm revealed car- 
cinoma (secondary) of the peritoneum. 


CASE 2.—A, D., a 64-year-old white man, was admitted July 8, 1954, because of a 40- 
pound weight loss over a 2-year period, associated with shortness of breath and swelling of 
the right ankle. Seven years prior to admission, the patient had been subjected to a 
subtotal gastrectomy for a bleeding duodenal ulcer. Four years later, he developed burn- 
ing epigastric pain. Upper intestinal roentgenographic examination demonstrated a crater 
just proximal to the gastrojejunostomy. His symptoms were completely alleviated by an 
ulcer regimen. Six weeks later a second roentgenographic study revealed disappearance 
of the uleer crater and was reported to be negative. At the time of admission there was 
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a tender mass in the left hypochondrium. Hemoglobin was 8.5 Gm. and free acid was jot 
found with a histamine gastric analysis. A total gastrectomy, splenectomy, esop)jiago- 
duodenostomy, and jejunojejunostomy were performed on June 24, 1954. Histologic exami- 
nation revealed carcinoma of the stomach with lymph node metastases. The patient ex- 
pired 5 months later. There was no autopsy. 


CASE 3.—B. P., a 55-year-old man, was admitted Jan. 11, 1945, and complained of 
recurrent epigastric pain with one episode of hematemesis 2 days prior to admission, 
Eleven years prior to admission, a gastrojejunostomy had been performed elsewhere for 


chronic duodenal ulcer with symptoms of 10 years’ duration. Hemoglobin was 10.5 Gm. 
and gastric analysis 15 units fasting free acid. Upper gastrointestinal roentgenograms 
revealed a well-functioning gastroenterostomy stoma and a lesser curvature ulcer. <A 
partial gastrectomy was performed on Jan. 26, 1945. Histologic examination demonstrated 


an ulcerated carcinoma. The patient expired 2 years later. No autopsy was performed. 


CASE 4.—N. M., a 45-year-old white man, was admitted Sept. 24, 1949, and complained 
of abdominal pain of 3 months’ duration which was relieved by vomiting. Upper gastro- 
intestinal roentgenograms 6 years earlier had revealed an active duodenal ulcer which had 
been treated conservatively with a satisfactory clinical response. Physical examination 
disclosed evidence of weight loss but was otherwise unremarkable. Free acid was not 
detected by histamine gastric analysis. Roentgenograms revealed partial pyloric obstrue 
tion and gastric cytologic studies were Class II and III. On Oct. 10, 1949, a partial gas- 
trectomy was performed. Metastases to regional lymph nodes and liver were present and 
histologic examination disclosed carcinoma. The patient died 4 months later. Autopsy 
was not performed. 


CasE 5.—E. M., a 51-year-old Negro man, entered the hospital July 14, 1949, with com- 
plaints of an 11-pound weight loss, upper abdominal pain, and morning vomiting of one 
month’s duration. Ten years prior to admission, he had required operative plication of a per 
forated duodenal ulcer at another hospital. He was asymptomatic for 2 years and then de- 
veloped intermittent abdominal pain relieved by alkali. An upper intestinal roentgenographic 
examination one year later revealed an active duodenal ulcer. He improved on conservative 
treatment. Approximately 13 months later, epigastric pain again occurred but differed in 
character. It had become dull instead of burning, constant rather than intermittent, and 
bored through to the back. Nausea and vomiting and a 19-pound weight loss occurred over a 
2-month period. Physical examination was unremarkable. The hemogram was within normal 
limits and serology was positive. Gastric analysis demonstrated a fasting free acid level of 
25 clinical units, and 90 units 20 minutes after the administration of histamine. Roentgeno- 
grams revealed a lesser curvature gastric ulcer in the region of the incisura angularis. On 
July 29, 1949, a partial gastrectomy was performed and the histologic diagnosis was car- 
cinoma. There were no obvious metastases. The patient did well for 21 months when he 
again developed upper abdominal pain, nausea, and vomiting. Gastric cytologic studies were 
Class V, and a recurrence at the gastrojejunostomy was demonstrated roentgenographically. 
Two months later the patient expired at another hospital. Autopsy was not performed. 


Case 6.—F. R., a 42-year-old white man, was admitted Sept. 3, 1941, with epigastric 
pain, nausea, and vomiting of 5 days’ duration. The physical examination was unremarkable. 
Upper intestinal roentgenographic examination revealed a duodenal ulcer associated with an 
antral gastritis. Gastroscopy revealed gastritis but no ulcer. Gastric analysis obtained 
70 units fasting free acid with a rise to 100 units after administration of histamine. He 
was discharged 11 days later on an ulcer regimen. During the subsequent 3 months, the 
patient complained of pain half an hour after meals, relieved by milk and alkali. He was 
again admitted because of dizziness, weakness, and tarry stools. Hemoglobin was 7.0 Gm. 
and stools were strongly positive for occult blood. On Dec. 27, 1941, a partial gastrectomy 
was performed and a chronic duodenal ulcer was seen at the time of operation. Histologic 
examination revealed chronic duodenal ulcer and carcinoma of the stomach of the linitis 
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plastica type. The patient was well until 15 months after operation when he required 
hospitalization for abdominal pain of 3 weeks’ duration. Barium enema demonstrated a 


constricting lesion of the transverse colon. Tumor cells were found in his ascitic fluid. 
The patient died one month later. There was no autopsy. 


CASE 7.—G. F., a 63-year-old white woman, was admitted March 16, 1956, because of 
postprandial epigastric pain of 8 months’ duration. There had been a 15-pound weight 
loss, anorexia, and fatigue for 2 months prior to admission. In 1920, the patient was sub- 
jected to gastrojejunostomy for chronic duodenal ulcer at another hospital. Physical 
examination revealed a chronically ill, white woman with an irregular, firm mass in the 
left hypochondrium. Hemoglobin was 10.5 Gm. Gastric secretion did not contain free 
acid and was grossly bloody. An upper gastrointestinal roentgenogram revealed carcinoma 
of the stomach remnant. Gastric cytology studies were Class V. On March 27, 1956, an 
exploratory celiotomy was performed, and the gastric lesion was biopsied. There were 
widespread intra-abdominal metastases. Histologic examination revealed carcinoma of 
the stomach. 


DISCUSSION 


It was noted that in the present series 6 patients were men and one was a 
woman. This sex ratio is in keeping with the observation that both carcinoma 
of the stomach and duodenal uleer are found more often in men than in 
women." © 

In 3 patients posterior gastroenterostomy had been performed as treatment 
for duodenal uleer, and intervals of 11 to 36 years passed before carcinoma of 
the stomach was established. Seven years elapsed in one man between partial 
gastrectomy for a bleeding duodenal uleer and the detection of carcinoma in the 
gastric remnant. Intervals of 6 and 10 vears intervened between the diagnosis 


of duodenal uleer and the finding of gastric eaneer in the remaining 2 patients. 
The two lesions were detected simultaneously in one patient. 


The average age of the patients in the present report was 56.1 years at the 
time the diagnosis of carcinoma of the stomach was made. This corresponds 
closely to the age incidence of gastrie carcinoma as generally reported. 

It has been stated that “the presence of duodenal ulcer is in a certain sense 
an insurance against carcinoma of the stomach.’* This statement was based on 
an extensive series of patients with peptie uleer who were studied by gastro- 
intestinal roentgenograms. This observation has been supported by others who 
utilized clinical, laboratory, and post-mortem data.” * 

A review of the literature has yielded 88 cases in which carcinoma of the 
stomach and duodenal uleer were coexistent, and 70 cases in which gastric 
cancer appeared after an operative procedure had been performed for duodenal 
ulcer. Recently Helsinger and Hillestad® analyzed a group of patients who had 
been subjected to partial gastrectomy for peptic uleer and concluded that the 
incidence with which cancer appeared in the gastric remnant after resection for 
duodenal uleer was practically identical with the expected frequency. 

The incidence with which gastric carcinoma develops after gastroenteros- 
tomy as well as gastric resection is difficult to determine. It has been noted 
that a long interval usually passes between the performance of gastroenteros- 
tomy and the appearance of carcinoma,* * 36 years in 2 patients in the present 
series. Although only 7 years elapsed after partial gastrectomy in the patient 








274 RYAN AND BEAL Aveus 
in this report, more than 25 years intervened between resection and detection 
of the gastrie cancer in the report of Helsinger and Hillestad. It is, therefo 
apparent that a statistical analysis would require a long period of observation 
to be valid. 

The similarity in the average age at which carcinoma of the stomach de. 
veloped in the present group with that generally reported for gastric cancer 
suggests that the association of the two lesions may be fortuitous. There is 
reasonable doubt that the presence or absence of free hydrochloric acid is of 
significant etiologic importance. In Case 6, a fasting free acid of 70 clinical 
units was noted and the free gastric acid rose to 100 clinical units following 
histamine. In Case 5, histamine stimulation produced 90 clinical units of free 
acid. In other patients who have developed gastric cancer many years after 
gastroenterostomy for duodenal ulcer, secretory studies were found to be 
essentially unchanged when the malignat lesion of the stomach was found.® 

It is apparent from a review of the cases that establishment of the correct 
diagnosis is frequently delayed. This is perhaps partially related to the infre- 
queney with which this combination of gastrointestinal diseases is encountered. 
It has also been indicated that it is often difficult to establish the malignant 
nature of these lesions before operation.*** The serious nature of gastric 
lesions after gastrojejunostomy is well illustrated by Cases 2 and 3. In 1949, 
Gray and Lofgren‘ reported that 18 (34 per cent) of 53 patients who developed 
lesions in the stomach after gastroenterostomy were found to be harboring 
malignant neoplasms. These findings indicate that prompt operative interven- 
tion is indicated if a gastric lesion is detected following gastrojejunostomy or 
gastric resection, particularly if a long interval has elapsed between the initial 
procedure and the appearance of symptoms. 

Although carcinoma of the stomach is not commonly found in patients 
with duodenal ulcer, it would appear that it may occasionally be encountered. 
In patients in whom a diagnosis of duodenal ulcer has been made, there is a 
tendency to alter the medication if symptoms recur without repetition of the 
roentgenographie examination. This is adequate but if the symptoms change 
in character or persist, further investigations should be undertaken promptly. 
This should inelude roentgenographie study of the upper gastrointestinal tract. 
This is particularly pertinent for those patients who develop symptoms of 
gastric origin following a prolonged interval after gastric resection or gastro- 
enterostomy. 

SUMMARY 


Seven patients with a history of duodenal ulcer have been presented in 
whom carcinoma of the stomach developed. In one of these, the gastric can- 
eer was found when gastric resection was performed for an intractible duo- 
denal uleer. In 3, a gastroenterostomy had been performed a number of year's 
earlier. One patient had been subjected to gastric resection 7 years before the 
gastric carcinoma was detected in the gastric remnant. In 2, a duodenal ulcer 
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was found 6 and 8 years, respectively, prior to gastric resection for carcinoma 
of the stomach. In one of these, plication of a perforated duodenal ulcer had 
been performed. 


The literature has been reviewed and the clinical implications have been 
discussed. The incidence of the development of carcinoma of the stomach in 
patients with duodenal ulcer seems to be extremely low. Gastrie carcinoma 
should be suspected, however, in individuals who develop symptoms referable 
to the upper gastrointestinal tract a number of years after gastric resection 
or gastroenterostomy for duodenal ulcer. 
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URETERAL REGENERATION 
V. EVERSION OF THE ENTIRE WALL 


FRANK HINMAN, JR., M.D., AND Rupour O. F’. OPPENHEIMER, M.D., 
San FRANCISCO, CALIF. 


(From the Subdepartment of Urology, University of California School of Medicine) 


HE ureteral lumen will reconstitute itself, although imperfectly, even after 

open fixation in the retroperitoneal space.2 Although such an extreme 
defect would not be met under elinical conditions, animal experiments dem- 
onstrated that unless the epithelium had an appropriate environment in which 
to grow, it spread out haphazardly. This inadequate epithelization in turn 
prevented muscular regrowth. Urinary flow did not prevent epithelization 
and smooth muscle repair but greatly increased the fibrous reaction about the 
area of regeneration which in turn presumably would produee later stricture 
formation. 

The fact that a saccular, irregular lumen, lined by epithelium but not by 
smooth muscle, would form under these circumstances led us to carry out an 
even more extreme test, that of actual eversion of the ureteral wall in order 
to observe the mechanism of reconstitution under such conditions. 


EXPERIMENTAL METHOD 

Right musele-splitting flank incisions were made in 8 mongrel dogs. The 
upper third of the ureter was exposed retroperitoneally. A 1.5 em. longitudinal 
incision was made through all layers (Fig. 1, A). Two 4-0 cotton sutures 
were placed from one cut edge to the other behind the ureter (Fig. 1, B), so 
that after they were tied, the sutures everted the ureteral wall (Fig. 1, (@). 
A fine wire marker was placed at the middle of the defect to permit later identifi- 
cation. 

In 2 animals, the ureter was ligated proximally; in 2 other animals, a rub- 
ber drain was sutured adjacent to the defect to permit escape of the urine. 
In 4 animals which served as controls the ureters were only incised; no everting 
sutures were placed. In 2 of the control dogs, as in the experimental animals, 
the ureter was ligated; in the remaining 2 no ligature was applied. The dogs 
were sacrificed 6 to 15 weeks after operation. Specimens obtained were fixed in 
formalin, sectioned, and stained with both hematoxylin, eosin and Weigert-Van 
Giessen stains. 

RESULTS 

Control Ureters.—The control ureters healed readily, although (as has beer 
described in a previous report?) urinary flow somewhat delayed proper healing 
(compare B with D in Table I). 


Supported by the Breon Fund for Medical Research. 
Received for publication July 31, 1956. 


276 











Volume 42 URETERAL REGENERATION ra 
Number 2 


TABLE I. COMPARISON OF HEALING AFTER URETERAL EVERSION WITH AND WITHOUT 
URINARY FLOW 











4 PER CENT 
RECONSTITUTION 
NUMBER WEEKS OF MUSCLE FIBROUS REACTION 
~ A, Ligated experimental 
9 75 1+ 
189 15 90 1+ 
B. Ligated control 
32B 8 100 0 
189B 14 95 ‘a 
C. Nonligated experimental 
72 6 20 4+ 
65 10 60 3+ 
D. Nonligated control 
117 10 60 24 
179 14 90 1+ 
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FRONT BACK 


Fig. 1—Diagram of experimental ureteral incision and fixation in eversion, with mucosa 
entirely exposed to the retroperitoneal tissue. 

Eversion—Ligation.—Eversion of the wall, even when the ureter was 
ligated (Table I, A), decreased the rate and degree of reconstitution compared 
with the controls. Reconstitution appeared remarkably complete, however, 
considering the magnitude of the defect. The amount of fibrous tissue was 
similar in the everted specimens and in the controls. 

In specimen No. 196 (Fig. 2), obtained 9 weeks after operation, the rela- 
tively narrow defect contained a small bony patch in the center, but the re- 
mainder of the wall had pulled around effectively and ureteral regeneration 
was 75 per cent complete. In a second specimen (No. 189) obtained 15 weeks 
atter operation (Fig. 3), reconstitution was 90 per cent complete, there being 
only a narrow margin free of muscle. Reaction was minimal. 

It is obvious from examination of sequential sections that the ureteral 
wall was able to pull away from its everting sutures and re-form a tube. 


Eversion—Nonligation.—Omission of ligation of the ureter brings out the 
basie difference between the control specimens and the everted ones. 





HINMAN AND OPPENHEIMER 


HEALING DEFECT 


Fig. 2.—Ligated, everted. Photomicrograph showing 75 per cent reconstitution of the ureteral 
muscle (No. 196, 9 weeks). 


DEFECT 


MUSCULAR OVERGROWTH 


Fig. 3.—Ligated, everted. Almost complete reconstitution of ureteral muscle, with little fibrous 
reaction (No. 189, 15 weeks). 
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EPITHELIUM GROWING ON OPEN 
SMOOTH MUSCLE LAYER 


Fig. 4.—Nonligated, everted. Ureter still lies open with epithelium growing over open smooth 
muscle layer (No. 72, 6 weeks). 


FIBROUS TISSUE MASS. 


DEFECT 


Fig. 5.—Nonligated, everted. One-third of ureter not reconstituted; bone deposition (No. 65, 
10 weeks). 
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Reconstitution was prevented entirely in one of these two specimens 
seriously hindered in the other. 

In specimen No. 72, obtained 6 weeks after operation (Fig. 4), the ureteral 
lumen communicated with the retroperitoneal space (and thence to the skin, 
since a urinary fistula was present). The reason for the persistence of this 
communication is easily seen on microscopic section. The epithelium, growing 
from the edge of the ureter, extended out over the spread-out muscle and 
then over the soft tissues of the retroperitoneal space. Only part of the smooth 
muscle turned in to effect partial regeneration of a lumen. 


Fig. 6.—Pyelograms of dogs Nos. 72 and 65; note surprising absence of obstruction (due to 
drainage via spontaneous fistulas). 


The second specimen (No. 65, Fig. 5), obtained 10 weeks after operation, 
did not show as gross a defect as the first, but a persistent urinary fistula was 
present. However, muscular reconstitution was less than that in either of 
the ligated specimens, and fibrous reaction was great. 

Functional changes were in marked contrast to the microscopic findings. 
No significant obstruction was seen in the retrograde pyelograms made at au- 
topsy (Fig. 6), although sacculation and leakage were noted at the site of the 
defects. Whether the constant leakage through the fistulas had any effect in 
reducing backpressure and preventing hydronephrosis cannot be determined. 
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In those ureters which were bathed in urine, with marked fibrous reaction, 
the walls were not able to pull back from the everting sutures and conse- 
quently failed to re-form a tube. 


SUMMARY AND CONCLUSIONS 


By fixing a ureteral defect widely open so that the ureter was everted upon 
itself, an exaggerated type of ureterotomy was made. 

Rate of regrowth in this defect was compared with that in a control lesion 
made by simply incising the ureter longitudinally. Healing was found to be 
roughly comparable if urine flow was shut off by proximal ligation. However, 
when urine was allowed to flow through the defect, epithelium from the cut 
edges spread out into the retroperitoneal space, making saccules around which 
smooth muscle was unable to grow properly. 

An opportunity for speedy epithelization into tubular shape is necessary 
for reconstitution of the ureter. Urinary flow maintains the eversion of the 
ureter and hence results in abnormal epithelization, with consequent block- 
age of ureteral muscular regeneration. 
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CLEAR CELL TUMORS OF THE THYROID 


V. E. Cuesky, M.D., C. A. Hetiwic, M.D., anp E. Barsosa, M.D., 
HALSTEAD, KAN. 


(From the Departments of Surgery and Pathology, The Hertzler Clinic and Hertzler Research 
Foundation) 


ys HIS outline on thyroid tumors, Hazard‘ listed under undifferentiated 
carcinomas a hypernephroid variant, the cells of which have a pale, almost 
clear cytoplasm. Hazard regarded the prognosis as very bad; his patients 
died within 6 months. Crabtree and Hunter,*® on the other hand, stated that 
hypernephroid tumors of the thyroid are of very low malignancy. They 
observed 8 such eases and none of their patients died after thyroidectomy. 

Since very few surgeons and pathologists in this country seem to be 
familiar with this type of goiter, we regarded it as worthwhile to study our 
own cases from the clinical and pathologic viewpoint. 

Incidence.—During the last 15 years, 6 cases of clear cell tumor of the 
thyroid were diagnosed at the Hertzler Clinic. They comprised 0.18 per cent 
of all surgical goiters during this period. 

Sex and Age.—All eases were in women. Their ages ranged from 24 to 
67 years at the time of operation. The average age was 43 years. 


Clinical Symptoms and Duration of Disease—The patients had noticed 
enlargement of the neck from 10 months to 20 years; the average duration of 
the goiter was given as 9 years. None of our patients had had previous thyroid 
operations. Two patients were unaware of their goiter. Only in one case was 
there a familial history of goiter. 


No toxie symptoms were noticed other than nervousness in 4 patients and in- 
creased pulse rate in 3 patients. No signs of hyperparathyroidism could be 
found in any of our eases. One patient had taken iodine intermittently for 


8 years; another had had thiouracil and Lugol’s solution 2 months before 


operation. The clinical diagnosis was nontoxie nodular goiter in 2 cases and 
solitary adenoma in 4 eases. 


Operation.—Bilateral subtotal thyroidectomy was performed on 4 patients, 
and lobectomy on 2. The postoperative course in the hospital was uneventful. 

Gross Pathology—tThe weight of the surgical specimens varied between 
15 and 110 Gm. The average weight was 66 Gm. In 3 eases a solitary node 
was found and in 2 eases both lobes were composed of multiple colloid nodules. 
The clear cell tumors were situated 3 times in the left lower pole, twice in the 
right lower pole, and in one ease in the isthmus. 
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Grossly the tumors appeared well encapsulated; their cut surface was 
orange-brown, soft, and not lobulated. In most eases there were small cystic 
spaces present from 0.1 to 1 em. in diameter, filled with clear colorless fiuid 
and occasionally with blood. Fibrous centers so characteristic of fetal adenoma 
were absent in these tumors. 


Fig. 2. 


Fig. 1.—Case 1. Clear cell tumor of 31-year-old woman, removed by left lobectomy in 
Invasion of capsule (at right). (X<180, ™4 reduction.) 
Fig. 2—Case 1. Metastasis in cervical lymph node 14 months after removal of thyroid 
tumor. Invasion of blood vessels, (X180, %4 reduction.) 
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Histologic examination revealed 2 tumors composed of clear cells on 
while 4 showed admixture with thyroid cells. The clear cells were polygo: 
and of large size. They measured between 11 and 27 microns. Their « 


borders were distinct and stained red; the cytoplasm was either water clear 
or was vacuolated and contained pink granules. The nuclei, as a rule, wer 
rich in chromatin and had a distinet nuclear membrane. Few had distinct 
nucleoli. Several cells had very large nuclei. Mitotic figures were rare and 
in only few cells multiple nuclei were present. The tumor cells were arranged 
in solid strands separated by narrow fibrous septa and thin-walled blood vessels. 
Many tumors showed areas of hemorrhage. In 4 tumors admixture with follicu- 
lar and trabecular thyroid tissue was noticed; here the cells were cuboid, their 
eytoplasm neutrophilic, and the follicle lumens contained well-stained colloid. 

Invasion of blood vessels and thyroid tissue was present in 2 eases, and 
in one case metastatic growth in regional lymph nodes was noticed. 


Fig. 3.—Case 1. High magnification of mediastinal metastasis 13 years after first operation. 
(X750, ™% reduction.) 


REVIEW OF LITERATURE 

The first who described this rare type of goiter was Theodore Kocher, Jr.,° 
in 1899. He ealled it glycogen-containing goiter. His cases were in 5 men 
and 2 women between 31 and 59 years of age. <A 48-year-old man died from 
metastatic nodules in both lungs; in another the tumor had invaded the 
trachea and esophagus. While Kocher stressed the resemblance of these tumors 
to parathyroid tissue, he noticed transitions to thyroid tissue. In 1907, 
Langhans’ reported on 4 of these tumors and derived their origin from misplaced 
parathyroid tissue. He introduced the term ‘‘parastruma.’’ His patients 
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were 3 men and 1 woman, between the ages of 48 and 60. One of his patients 
had a metastasis in the scapula, and a 55-year-old man had metastases in 
eervieal lymph nodes. 

In 1909, Bérard and Alamartine? described a parastruma of a 43-year-old 
woman and Wissmer-Kovarsky,® in 1913, reported one ease of clear cell tumor 
in a 31-year-old woman with metastasis in a cervical lymph node. While in 


Fig. 4. 


Fig. 


Fig. 4.—Case 4. Clear cell tumor in isthmus of thyroid of 38-year-old woman. Patient 
had noticed a goiter for 20 years; it enlarged during the last 5 years. The patient is without 
evidence of disease 9 years after operation. 

_ Fig. 5.—Case 5. Clear cell tumor of thyroid in 53-year-old woman. Weight of thyroid 
specimen, 100 Gm. Patient living without evidence of disease, 10% years after operation. 


the latter case the tumor cells were clear, they formed trabeculae as in the 
proliferant struma of Langhans. The only ease of clear cell tumor in the 
Ameriean literature is that deseribed by Kolodny® (1926); his 68-year-old 
female patient had had an enlargement of the neck for 15 years. At operation 
multiple opaque yellowish nodules were present in both lobes. They consisted 
of broad sheets of clear cells containing glycogen. Kolodny made a diagnosis 
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of metastatic hypernephroma, but there was no evidence of a primary renal 
tumor. Recently, J. A. Buckwalter informed us that he followed the case of 
Kolodny; the patient died at the age of 85, 11 years after the thyroid operation 
and had never shown signs of a kidney tumor. 
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Fig. 6.—Case 6. Clear cell tumor of thyroid in 46-year-old woman. Left lobe and isthmus 
weighed 168 Gm. 
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Fig. 7.—Photomicrograph of same tumor. Thyroidlike elements intermingled with typical areas 
of clear cell tumor. (X180, %4 reduction. ) 
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HISTOGENESIS OF CLEAR CELL TUMORS 


Most investigators who have studied clear cell tumors of the thyroid point 
out that while these tumors resemble parathyroid carcinoma, they cannot be 
explained simply as derivatives of misplaced parathyroid cells. First, there 
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are structures often present which cannot be distinguished from thyroid adeiio- 
mas, and second, hyperparathyroidism has never been observed in parastriuma 
(v. Albertini'). Therefore Wegelin’s® view on the histogenesis of parastruma 
appears to us most plausible. He derived the parastruma from pluripotential 
entodermal cells which are capable of producing thyroid as well as parathyroid 
elements. 

FOLLOW-UP STUDIES 


One of our patients has been operated upon so recently that we did not 
inelude her in our follow-up studies. Of the 5 other patients, 3 are alive and 2 
of them are without evidence of disease. One patient died at the age of 73, 
6 years after thyroidectomy and 5 years after a tumor recurred in the neck. 
Another patient had 5 operations for metastases in the neck and mediastinum; 
she died 15 years after removal of the primary thyroid tumor. 

The cases reported in the literature and our own experience would favor 
the opinion of Crabtree and Hunt* that clear cell tumors of the thyroid are 
of low grade malignancy. Of 16 parastrumas collected from the literature by 
Bérard and Alamartine, 13 were clinically benign. We feel therefore that 
lobectomy of the involved node will cure these patients as long as the tumor 
has not invaded the surrounding tissue and has not produced metastases. 


CONCLUSIONS 

1. Six cases of clear cell tumor of the thyroid have been observed at the 
Hertzler Clinie during the last 15 years. These comprise 0.18 per cent of all 
surgical goiters during this period. 

2. The clinical and anatomic features of these tumors corresponded to the 
description of the parastruma by European writers. 

3. Our patients were women varying in age from 24 to 67 years. Symptoms 
of hyperparathyroidism were not observed. 

4. The weight of the surgical specimens varied from 15 to 110 Gm. 

5. Microscopie examination revealed as the predominating cell type a 
large water clear cell with distinct cell border. Two tumors were composed of 
clear cells only, while 4 showed admixture with thyroid elements. 

6. The clinical behavior of these tumors could not be predicted by cytologic 
study. Giant nuclei and multinuclear cells occurred also in clinically benign 
tumors. Invasion of blood vessels or capsule and metastases are more reliable 
signs of malignancy. 

7. Five of our 6 eases had a follow-up period from 6 to 15 years. Three 
patients are alive, 2 without evidence of disease. Two patients died, 6 and 15 
years after thyroidectomy, respectively. 

8. In regard to the histogenesis, the absence of endocrine function and the 
frequent admixture of thyroid elements do not favor the view that these tumors 
are misplaced parathyroid carcinomas. Wegelin’s view seems most plausible, 
that they originate from pluripotential entodermal cells with the faculty to form 
thyroid as well as parathyroid structures. 
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9, These tumors, which can be cured by lobectomy as long as there are no 
metastases, must not be mistaken for metastatic hypernephroma, which carries 
a much more serious prognosis. 
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METABOLIC ALTERATIONS IN SURGICAL PATIENTS 


X. THE BENIGN CouURSE OF THE AVERAGE PATIENT WiTH ACUTE 
URINARY RETENTION 


LESTER PERSKy, M.D., JERREL W. BENSON, M.D., STANLEY LEVEY, PH.D., ANp 
WiuuiAM E. Apsortt, M.D., CLEVELAND, OHIO 


(From the Department of Surgery, Western Reserve University, School of Medicine, and thi 
University Hospitals of Cleveland) 


ECENT reviews” * ° have pointed out the problems of fluid and electrolyte 

balance in patients with lower urinary tract obstruction. The marked 
changes which occur with severe, long-standing retention have been deseribed, 
and the relatively benign course of the average patient has been mentioned. 
Since the metabolic changes in the average patient, in whom obstruction has 
been of short duration, have not been stressed, it seemed desirable to carry out 
balanee studies on a series of unselected patients admitted for obstruction of 
the urinary bladder. These patients were managed in a routine fashion to de- 
termine whether in the ordinary clinical handling of such patients severe 
metabolie aberrations might occur. Possibly, more than just simple attention 
to an ample fluid intake, an adequate unobstructed outflow, and dependence 
upon clinical impression is necessary to evaluate the over-all physiologie state. 
Therefore, with this purpose in mind, a series of patients in acute urinary re- 
tention were admitted to the metabolic division of the University Hospitals of 
Cleveland and balanee studies involving water, sodium, potassium chloride, 
and nitrogen were carried out. 


METHOD 


A series of 6 patients with acute urinary retention was studied. No eri- 
teria other than the existence of vesical obstruction were used in determining 
their suitability for admission to the metabolic division. The urologic house 
staff wrote their routine admission orders. These patients received a diet 
which was analyzed for nitrogen, sodium, potassium, and chloride and anal- 
ogous to the regular hospital diet in terms of caloric content, volume, and ionic 
composition. When possible, they were maintained on this regimen during the 
entire study period. The daily diet given these patients contained 1,300 to 
1,800 calories, 85 to 95 meq. of sodium, 60 to 80 meq. of potassium, 90 to 100 
meq. of chloride, and 10 to 14 Gm. of nitrogen. Although the total amounts of 
the calories and nutrient constituents varied from patient to patient, they 
were kept constant in each individual after the first day of study. The intake 
of fluids was measured but unrestricted. In none of our patients was there 
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marked fever, acidosis, or dehydration. All excreta were collected upon ad- 
mission to the ward, including the initial catheterized specimen, and analyzed 
for sodium, potassium, chloride, and nitrogen. Previously described analytic 
methods were employed for all excreta and nutrients. Study periods varied 
from 7 to 13 days in length. 

Serial determinations of blood urea nitrogen, plasma sodium, potassium, and 
chloride levels were made. On admission, and at regular intervals, hematocrit 
determinations were carried out. Shortly after admission, plasma volumes were 
also obtained utilizing the radioactive iodinated human albumin technique.‘ 
These observations were repeated at 48- to 72-hour intervals following the re- 
lief of the obstruction by an indwelling urethral catheter. The patients were 
weighed daily prior to the ingestion of any food or water and after voiding. 
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Fig. 1.—Metabolic balance studies on Patient J. B., following relief of lower urinary tract 
obstruction due to benign, prostatic enlargement. Balances are shown for sodium, potassium, 
chloride, nitrogen, and water. These changes were typical of the average patient. Positive 
balance is represented by white areas above the horizontal base line, negative balances by the 
extension of the column below the zero line. The cross-hatched areas indicate urinary output; 
the solid black areas, fecal losses. 
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RESULTS 


The metabolic balance study for a typical uncomplicated patient is repre- 
sented in Fig. 1. This patient, J. B., a 62-year-old Negro man, entered the 
hospital in acute retention of 24 hours’ duration. Five days prior to entry 
there had been severe frequency of urination and nocturia. The patient was 
found to have an enlarged prostate on physical examination. Laboratory data 
revealed that the plasma levels of sodium, potassium, chlorides, and blood urea 
nitrogen were within normal limits. Hemoglobin and hematocrit were normal. 
Urinalysis showed many white blood cells. The patient was placed on constant 
drainage and admitted to the metabolic division for study. Routine retropubic 
prostatectomy was subsequently carried out without incident. 
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In Fig. 1 the intake and output are plotted on the ordinate and time on 
the abscissa. Intake is plotted upward from the zero line and output is plotied 
from the top of the intake column downward. Positive balance is represented 
by the white areas above the zero line, and a negative balance is shown by the 
extension of the column below the zero line. Plasma electrolyte concentrations 
are shown by numbers on the appropriate day in the chart. The numbers 
which appear below the broken columns for water, sodium, and potassium in- 
dieate the degree of negative balance on the specific days. 

Although no extensive damage or serious derangement which necessitated 
special therapy as outlined by others* * oeceurred in these patients, certain 
definite trends ean be seen in Tables I and IT and in Fig. 1. In this group 
of average patients in retention, fluid requirements were usually met by the 
patient’s own oral intake and thirst desires, without need for supplementary 
parenteral administration. The large negative water balance during the first 
24 hours represents water in the form of urine which had accumulated before 
the studies had begun. If one considers both the insensible fluid loss (approx- 
imately 100 ml.) and the water formed by oxidation of foodstuffs (about 400 
ml.) along with measurable water losses in ealeulating the fluid balance, the 
patients usually were in water equilibrium by the termination of the study. 


TABLE I. DAILY BALANCES 








WATER SODIUM | POTASSIUM | NITROGEN 
ML. MEQ. | MEQ. MEQ. GRAMS 
| | | E - | B | L | Lb. 
7 . 
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J. M. 
L. W. 
J.B. 
G. H. 
C. B. _ 
L. H. - 


E = Early in study period. 

L = Late in study period. 

- Represents negative balance. 

+ Represents positive balance. 

2 Little or no change in balance. 
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TABLE II. PLASMA VOLUMES 








AFTER RELIEF OF OBSTRUCTION | 0 | 1 | 2 
m 3 3150 ~- 
» 2068 — 
m8 2920 — 
y 8 3307 —— 
» B. 3760 — 
« —- 3465 








Potassium balance were also negative regularly at the start of each study 
and probably represent unloading of potassium along with water and nitrogen 
resulting from the eatabolism of tissue which occurred prior to admission and 


during the first day or two following relief of the obstruction. This negative 
balance was usually eliminated after a short period of constant drainage. 


Plasma potassium levels showed only slight alterations during the study. Since 
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renal funetion was not sufficiently disturbed in this group of patients, ab- 
normal plasma sodium and potassium levels, decreases in serum carbon dioxide, 
and the wasting of fixed base in the urine was not encountered. 

However, in one of our patients (C. B.) in whom retention had been of 
longer duration, large losses of fixed base occurred (Fig. 2). Had these been 
either more intense or of longer duration, special therapy and supplemental 
parenteral administration of fluid and electrolytes would have been indicated. 
Since permanent renal damage was prevented by early drainage, these special 
measures were not necessary. The cumulative negative balance of sodium 
during the first 4 days of the study period was 470 meq. This is contrasted 
to the other 5 patients whose sodium deficits varied between 50 and 150 meq. 
The negative cumulative balance for potassium was likewise excessive. The 
initial 4-day loss was 525 meq. This contrasted sharply with the others in the 
group who lost between 50 and 300 meq. of potassium. This patient’s course 
is described in detail to illustrate the adequacy of early drainage in avoiding 
serious damage to renal function. 


C.B. 6 69 YR. 
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Fig. 2.—Metabolic balance studies on Patient C. B., who is representative of more advanced 
retention with large losses of fixed base attending the relief of the obstruction. 





CASE REPORT 


C. B., a 69-year-old white man, entered the University Hospitals of Cleveland for the 
first time with the chief complaint of difficulty in voiding of 3 years’ duration, The pa- 
tient recently had developed dribbling and incontinence. He had no nausea, vomiting, or 
headache, but had noted a diminution in appetite over the past 6 months. There was a 
15-pound weight loss in the 4 months prior to admission. Several weeks before hospital- 
ization he had noted transient grossly bloody urine. On physical examination he was found 
to have a distended bladder extending above the umbilicus. The prostate was approx- 
imately three times its normal size, rubbery, and without nodules, Laboratory data re- 
vealed an elevated blood urea nitrogen (65 mg. per 100 ml.), a hemoglobin level of 7.8 Gm. 
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per 100 ml., and an admission urinary specific gravity of 1.008. This patient was stu 
in the metabolic division for 9 days and ultimately had a suprapublic prostatectomy 
benign disease. 


The nitrogen balances, in general, behaved as might be anticipated in a group 
of patients with urinary retention. There were negative balances at the start 
of each study period, reflecting the loss of retained nitrogenous waste products. 
After drainage was instituted, positive balances were attained again after 
relatively brief intervals varying from 48 to 72 hours. In the ease illustrated 
in Fig. 2, however, this negative balance was never completely reversed. In 
one other patient (L. H.) whose balance studies were continued into the post- 
operative period, the negative nitrogen balance recurred following operation 
and persisted for approximately one week. Plasma volumes (Table IT) were 
usually in the expected normal range on admission and showed a slight tend- 
ency to diminish over the period of observation. 


DISCUSSION 


The marked changes which have been so aptly described elsewhere® * ° in 
ionic composition, osmolar concentration, and extracellular volume as reflected 
by plasma volume were not encountered in this series of patients, except pos- 
sibly to a degree in C. B. Certain conclusions appear tenable, however, in the 
light of the observations made. Following the institution of drainage, in the 
average patient, where obstruction is of relatively brief duration, the kidney 
funetion is adequate to restore homeostasis after routine treatment is begun. 
The negative balance of water, sodium, potassium, and nitrogen observed for 
the first few days in our patients was readily corrected by drainage. The 
recognition of patients exhibiting dehydration and sodium and potassium 
wasting should be apparent if the elevated blood urea does not fall and the 
plasma carbon dioxide content does not return to normal upon the establish- 
ment of an adequate urinary output. Since there was no appreciable abnormal- 
ity in the plasma volume, dehydration was not found to be more than minimal 
in these patients. In this group of patients, therefore, the metabolic studies 
bear out the clinical observations of urologists? that the average patient in 
retention needs no special therapy and that the kidney’s innate reserve function 
is adequate to restore fluid and electrolyte equilibrium. In such patients the 
routine ward diet was adeqaute to correct any deficits. It is only in the un- 
usual case that there is need for special measures. 


It is apparent, however, that if infection and prolonged retention have 
occurred, progressive tubular damage with a larger and more prolonged loss 
of fixed base could exist. The early changes in the kidney produced by lower 
urinary tract obstruction are readily reversible as evidenced by the data from 
these patients. 


SUMMARY 


The results of metabolic balance data from 6 patients with acute urinary 
tract obstruction due to prostatic enlargement indicate that most patients of this 
type will have little renal damage and that no special fluid, electrolyte, or 
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Number 


nutritional therapy is needed for the average patient following the relief of 
obstruction of the urinary bladder. However, it is well to be on the alert 
for the patient who, because the obstruction is of longer duration and has been 
complicated by infection, will require special therapy. 
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XI. Soprum, Porasstum, HExose, AND WATER EXxcRETION FOLLOWING INTRAvE- 
NOUSLY ADMINISTERED DEXTROSE OR FRUCTOSE SOLUTIONS 


WituiAM E. Apsott, M.D., Harvey Krieger, M.D., StaNtey Levey, Pu.D., 
JERREL W. BENSON, M.D., AND JoHN H. Davis, M.D., CLEVELAND, OHI0 


(From the Department of Surgery, Western Reserve University, School of Medicine, and the 
University Hospitals of Cleveland) 


F sovcmmptay investigators!” 15 18 2° 21 have studied the effects of infusing frue- 
tose or dextrose solutions in normal persons, patients with diabetes mellitus, 
and in patients following a surgical operation. It has been shown that the 
patient with diabetes mellitus can metabolize intravenously administered 
fructose when insulin is withheld.’ 1* Thirty years ago, Davidson and Allen™ 
demonstrated that the traumatized individual often develops a temporary 
hyperglycemia and a decreased tolerance to infused dextrose. More recent 
studies* ** have emphasized that the temporary diabetic-like state which occurs 
following operative or accidental trauma is presumably a result of pituitary 
or adrenal overactivity and that during such periods fructose can be more 
effectively metabolized than dextrose. 

Elman" and Albanese® have reported that a better utilization of nitrogen 
occurs when fructose, rather than dextrose, is infused as a source of calories 
in conjunction with an adequate protein intake. In 1952, Overby and Frost" 
showed that when a protein hydrolysate-dextrose solution was autoclaved 
there was a progressive loss of many of the individual essential amino acids, 
the greatest individual loss being tryptophan. By rat repletion studies they 
also demonstrated that the nutritive value of such a solution was decreased. 
Christensen, Wilber, Coyne, and Fisher’? subsequently showed that when 
hexoses are autoclaved or stored with protein hydrolysates a browning reaction 
occurs which increases the urinary wastage of peptide and amino acid nitrogen. 
These workers have demonstrated that such wastage can be greatly reduced it 
the sugar alone is infused before the protein hydrolysate or mixed with it just 
prior to the infusion. They emphasize that if the autoclaving of a protein 
hydrolysate with a sugar is necessary, fructose might well be employed since 
the browning reaction is significantly less than when dextrose is used. 

In 1953, Beal, Smith, and Frost,’ in a study of patients who did not have 
debilitating diseases and were not in the immediate postoperative period, con- 
eluded that ‘‘not only did greater quantities of reducing substances appear in 
the urine of patients receiving fructose solutions by vein but, in addition, a 
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diuretic effect was indicated by a significantly greater excretion of electro- 
lytes.”? These workers went on to state that ‘‘the association of an increased 
electrolyte loss with lower retention indicates that fructose is not a suitable 
substitute for glucose in parenteral alimentation in human beings.’’ Since this 
study was performed in apparently normal subjects in whom the use of an 
intravenous hexose is rarely, if ever, indicated and because the preinfusion 
intake of electrolytes was not controlled, it was our impression that their study 
offered little help in evaluating the usefulness of dextrose or fructose in the 
management of the sick patient. In 1954, Beal and Smith’ reported further 
observations on 4 patients during the first 4 postoperative days following a 
subtotal gastrectomy. From these studies they coneluded that ‘‘in clinical 
application the increased electrolyte loss associated with infusion of fructose 
seriously detracts from its usefulness, particularly in patients undergoing 
surgical procedures or suffering from fluid and electrolyte imbalance.’’ 

Because of the conflicting reports concerning the effectiveness of fructose, 
it was decided to study the effect of administering either dextrose or fructose 
solutions on water and electrolyte excretion and also to determine the amount 
of hexose lost in the urine. 


PROCEDURE 


Twenty-five of the patients who had been studied in the Surgical Metabolic 
Division of the University Hospitals of Cleveland over the past 5 years were 
found to be suitable for this comparison. Fourteen of these patients received 
ad or 10 per cent dextrose solution and 11 patients were given a 10 per cent 
fructose solution. 


Patients Receiving Dextrose-Containing Solutions.—Of the 14 patients in 
this group, 10 received 5 per cent dextrose in water (Figs. 1, 2, and 3) and 4 
individuals were given 10 per cent dextrose in water (Figs. 4 and 5). Two 
patients (F. Y. and H. D.) had no preoperative studies since they were ad- 
mitted for emergency operations. The remaining 12 patients were hospitalized 
for an elective operation, and 10 of these underwent a subtotal gastrectomy 
or a comparable procedure for peptie ulceration (B. P., J. T., F. N., R. W., 
E. D., G. W., R. H., H. C., and W. E.) or carcinoma (W. A.). 


Patients Receiving a Fructose-Containing Solution—Of the 11 patients 
receiving a 10 per cent fructose solution, 7 were maintained on 10 per cent 
fructose in water for at least 4 days, and the other 4 patients received a 5 per 
cent protein hydrolysate in 10 per cent fructose. One patient (V. P.) of the 
group had an emergency operation. The other 10 patients had elective opera- 
tions; 8 of these patients (A. C., J. S., F. U., D. B., W. B., J. C., N. F., and 
E. E.) had a subtotal gastrectomy, and 2 patients (A. B. and N. H.) had radical 
colon operations for carcinoma. 


METHODS 


Of the 22 patients who underwent elective operations, the electrolyte and 
dietary intakes were controlled from 2 to 8 days preoperatively. Metabolic 
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balance studies (sodium, potassium, chloride, nitrogen, and water) both pre- 
and postoperatively were done in these patients so that any pre-existing elec- 
trolyte or water alterations could be determined. Since all of the patients 
were maintained solely by the intravenous administration of a hexose-contain- 
ing solution for the day of operation and the next 2 postoperative days, this 
3-day period was regarded as being a suitable time for comparison of differ- 
ences that might have resulted from the intravenous infusions. The stress of 
anesthesia and operation is most marked over this period and therefore the 
effect on earbohydrate metabolism should be maximal.” 

Infusions of the various solutions were regulated so the patient received one 
liter over a 214- to 314-hour period. The rates of the infusions were not pre- 
cisely controlled, but care was taken to avoid rapid injections so that a minimal 
spillage of parenteral nutrients would occur. It might be considered preferable 
to control the rate of hexose administration on a weight-time basis, but since 
this is impractical for routine clinical therapy, it was decided to evaluate the 
effect of the various hexose-containing solutions simulating the method of 
administration which is generally employed. 

Of the 22 patients who underwent elective surgical operations all but 2 
(W. E. and D. B.) were placed on previously analyzed oral diets containing 
nutrients (minerals, vitamins, calories, protein, and so forth) in amounts which 
at least approximated the patients’ minimal requirements in order to obtain 
preoperative control studies. In W. E. and D. B., parenteral nutrients were 
provided beeause an adequate oral intake was not possible, since both patients 
had a eomplete pyloric obstruction. The oral diets were planned by the 
physicians and dietitian in charge of the Metabolic Division in conjunction 
with the patient so that palatable diets could be provided. In the event that 
all the food offered was not consumed, the uneaten portion was weighed and 
analyzed so that accurate intakes could be determined. All patients were 
given vitamins* orally or intravenously in amounts sufficient to exclude the 
metabolie effects of any possible vitamin deficiency which might effect the 
hexose tolerance or balance studies. All excreta (urine, stool, gastrointestinal 
drainage, sputum, and so forth) were collected and analyzed, in duplicate, by 
the following techniques: total urinary hexose by the method of Somogyi’ 
and sodium and potassium by a standard flame photometric method using an 
internal standard and nitrogen by the macro Kjeldahl technique. All parenteral 
and oral nutrients were likewise analyzed, in duplicate, for the same substances. 

The results of the balance studies are charted by plotting the intake, output, 
and balance on the ordinate and time (24-hour periods) on the abcissa. Stools 
were collected in periods. The first period started after a distilled water enema 
was given and discarded, and then all stool passed was collected, including that 
obtained by a repeat distilled water enema which terminated the period. The 
intake is plotted upward from the zero or base line, and the output extends 
downward from the top of the intake column. The amount of water, sodium, 


*Soluzyme with ascorbic acid and Unicaps kindly supplied by The Upjohn Company, 
Kalamazoo, Mich. 
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and potassium excreted in the urine is represented by the cross-hatched area. 
All remaining excreta (gastric drainage, stool, and so forth) were plotted 
downward in black from the bottom of the urine column. A positive balance is 
shown as a clear white area extending upward from the zero or base line. When 
the output column stops at the zero line, equilibrium is attained, while extension 
of the column below this line represents a negative balance. In many instances 
the water and electrolyte loss in gastrointestinal drainage and stool was so 
small that it could not be separately shown on the charts although it was in- 
eluded in determining the final balance data. The insensible water and elec- 
trolyte losses were not measured, but it is believed that amounts ranging from 
approximately 800 to 1,200 ml. of water and 15 to 25 meq. of sodium would have 
been lost by each patient per day. Values which would more closely approximate 
the actual balance can thus be computed by adding 1,000 ml. of water and 20 
meq. of sodium to the bottom of the daily output column. Since the potassium 
loss in insensible fluid would usually amount to less than 5 meq. per day, this 
would not significantly alter the total balance. The administered whole blood 
was not considered in calculating the balance charts since the amount given 
approximated that lost at operation. 

The total 3-day (day of operation and first 2 postoperative days) cumula- 
tive sodium and potassium balance, based on urinary losses only, is listed directly 
below the balance data of each ion, and the figures directly below this represent 
the total 3-day cumulative balance when all exereta were utilized in caleulating 
the balances. Since in most of the patients, the chloride balance paralleled fairly 
closely that of sodium, the chloride balances were not included in the figures. It 
was thought desirable to show the 3-day cumulative deficit or gain as de- 
termined from only the amount of sodium or potassium in the urine since the 
hexose administered would effect only the urinary excretion of these ions. The 
3-day total cumulative balances were also shown since the extrarenal loss of 
electrolytes might, in turn, effect the amount of the particular ion excreted in 
the urine. We feel the latter figures are important since it has been demonstrated 
that the urinary excretion of sodium and potassium is greatly accelerated, even 
though deficits of these ions already exist, when gastric fluid high in chloride 
is being lost. On the other hand, when external losses or internal shifts of a 
fluid chemically comparable to interstitial fluid are occurring, the excretion of 
sodium and chloride via the kidneys is usually rapidly diminished. 


RESULTS 


Fig. 1 shows the balance data for water, sodium, and potassium derived 
from the study of 4 patients who received only 5 per cent dextrose in distilled 
water. MeG., who weighed 63 Kg., had been treated successfully with anti- 
bioties several months prior to this study for a perforated appendix with an 
abscess. He was readmitted for an interval appendectomy and in order to de- 
termine the metabolic alterations which would occur following a fairly minimal 
stress, he was maintained solely on parenteral fluids for 4 days postoperatively. 
It will be noted that he had 3-day cumulative deficits from renal excretion 
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alone amounting to 171 meq. of sodium and 79 meq. of potassium. His tota! 3- 
day deficits (175 meq. of sodium and 87 meq, of potassium) were only slighily 
higher since the extrarenal losses were almost nil. F. Y. was admitted for an 
emergency appendectomy because of an acute suppurative appendicitis. Iler 
3-day cumulative sodium deficit derived from the urine alone was 225 meq. and 
potassium deficit was 90 meq. The total balances of these ions showed slighily 
greater losses. 
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Fig. 1.—Metabolic balance studies on patients who received only 5 per cent dextrose 
in distilled water during the immediate postoperative period. The cross-hatched areas rep- 
resent the urinary losses, the solid black areas represent extrarenal losses (stool, gastric 
drainage, and so forth); and the white areas above the zero line indicate positive balance. 

H. D., a 16-year-old boy, was admitted for a gangrenous perforated ap- 
pendix and peritonitis. Because paralytic ileus resulting from the inflamma- 
tion persisted, he was treated with antibioties, gastric suction, and nothing by 
mouth for 7 days. Although he received 155 meq. of sodium on the day of 
operation, during the first 3 days he had cumulative deficits of 129 meq. ot 
sodium and 126 meq. of potassium due to urinary losses. When all excreta 
were employed to ealeulate the balance, it will be noted that the deficits of 
sodium (243 meq.) and to a lesser extent potassium (171 meq.) were consider- 
ably inereased. W. A. (62 Kg.) underwent an elective subtotal gastrectomy 
for adenocarcinoma of the stomach and had losses which were essentially 
within the range of the aforementioned patients. 

In Figs. 2 and 3 the results are shown of 6 patients who underwent a sub- 
total gastrectomy for peptic ulceration. All of these patients had weights (00 
to 63 Kg.) that were considered to be normal for their height and age. They 
were all given a 5 per cent dextrose-containing solution. F. N., E. D., and 
G. W. received normal saline on the day of operation (200, 100, and 1,300 ml., 
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Number 2 


respectively), while R. H. and H. C. received a 5 per cent protein hydrolysate 
and 5 per cent dextrose solution with sodium and potassium added in the 
amounts shown for 4 and 5 days, respectively. R. W. received only a 5 per 
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Fig. 2.—Metabolic balance studies on gastrectomized patients who were maintained intrave- 
nously with solutions containing 5 per cent dextrose for at least 3 days postoperatively. 
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Fig. 3.—Metabolic balance studies on gastrectomized patients who were maintained intrave- 
nously with solutions containing 5 per cent dextrose for at least 3 days postoperatively. 
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cent dextrose solution in distilled water. On the day of operation the urinary 
output ranged from 1,120 ml. in R. H. to 3,675 ml. in E. D. The urinary out- 
puts were subsequently quite high in these 6 patients, and if one considers the 
insensible fluid losses and internal shifts of fluid and electrolytes which would 
occur following operations of this magnitude none of these patients, with the 
exception of F. N. and R. H., showed a significant fluid retention. F. N. (Fig. 
2) and R. H. (Fig. 3) were catheterized the morning following surgery and ap- 
proximately 1,200 ml of urine, which had accumulated in their bladders, was 
removed. Since this amount of urine was present in the bladder, although 
the patients had received no fluids for the preceding 8 to 10 hours, it can he 
assumed that it was excreted during the 24-hour period following operation. 
Therefore, when insensible fluid loss is considered, none of these patients who 
received a 5 per cent dextrose-containing solution exhibit any significant anti- 
diuresis. The sodium deficits in this group of patients when sodium was not 
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Fig. 4..-Metabolic balance studies on gastrectomized patients who were maintained intrave- 
nously with solutions containing 10 per cent dextrose as the carbohdyrate. 


given were comparable to those shown in Fig. 1. The low sodium losses ob- 
served in F. N. cannot be explained. If H. C. who received 45 meq. of potas- 
sium daily for 4 days is excluded, the 3-day total and urinary cumulative potas- 
sium deficits shown in Figs. 2 and 3 were somewhat greater than those ex- 
hibited by the patients shown in Fig. 1. 

The results of 3 patients who were given 3,000 ml. of 10 per cent dextrose 
in distilled water daily for at least 4 days are shown in Fig. 4. B. P., who was 
slightly undernourished (58 Kg.) and J. T., a well-nourished man (88 Kg.) each 





Volume 42 METABOLIC ALTERATIONS IN SURGICAL PATIENTS, XI 303 
underwent a hemigastrectomy-vagotomy for chronic peptic ulceration. G. W., a 
45-Kg. woman, had a resection of the sigmoid colon for diverticulitis. In these 
3 patients it is again evident that a negative water balance occurred if one con- 
siders the insensible fluid loss. While the 3-day sodium deficits of these 3 pa- 
tients vary, it is apparent that they are fairly comparable in range and 
magnitude to those patients who received a 5 per cent dextrose solution (Figs. 1 
and 2). The 3-day cumulative total potassium deficits in B. P., G. W., and J. T. 
(Fig. 4) ranged between 126 and 212 meq., while the 6 patients, W. A., F. N., 
E. D., R. W., G. W., and R. H., undergoing comparable operative stress shown 
in Figs. 1, 2, and 3 show an average 3-day cumulative total potassium deficit of 
172 meq. 
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_ Fig. 5.—Metabolic balance studies on a gastrectomized patient who had a modest 
Sodium and potassium deficit preoperatively and was maintained postoperatively on 10 
ber cent dextrose in distilled water. 


In Fig. 5 the results obtained from the study of a 51-year-old man (W. E.) 
who weighed 60 Kg. are shown. This patient was admitted because of pyloric 
obstruction resulting from a chronic recurrent duodenal uleer. Although pre- 
operatively he was given fairly large amounts of sodium and potassium intra- 
venously and the hypokalemia and hypochloremic alkalosis noted after 
admission were corrected, it is apparent that he had modest, water, sodium, 
and potassium deficits at the time of operation. Since it was known that 
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these deficits were not large, 10 per cent dextrose in distilled water was given 
postoperatively to determine whether he would conserve water and electro- 
lytes. It is evident that, postoperatively, he excreted water, sodium, and 
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Fig. 7.—Metabolic balance studies on patients who were maintained on 10 per cent fructos¢ 
in distilled water for 3 or more days postoperatively. 
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potassium in amounts comparable to the aforementioned patients who under- 
went similar stomach operations (Figs. 1, 2, and 4), in spite of his pre-existing 
deficits. 


In Figs. 6 and 7 the results of 7 patients who received 3,000 ml. of 10 
per cent fructose in distilled water daily are shown. Patients A. C., J. S., 
F. U., D. B., and W. B. each underwent a subtotal gastrectomy for peptic 
ulceration. If the insensible fluid were added to the water balance data, it is 
again evident that slight water deficits would have existed. Patient D. B. 
(Fig. 6) was admitted with pyloric obstruction and exhibited sizeable losses 
of fixed base in the urine during the preoperative period when fairly large 
amounts of gastric fluid, high in chloride, were being removed. During the 
preoperative period the gastric secretions removed from D. B. contained on 
the average, 27 meq. of sodium and 133 meq. of chloride per liter. It will be 
noted that this patient who was given 10 per cent fructose postoperatively 
also failed to conserve sodium and potassium in spite of the pre-existing def- 
icits. The 3-day total cumulative negative balances in these 5 gastrectomized 
patients ranged from 56 to 341 meq. of sodium and 165 to 202 meq. of potassium. 
A. B. underwent a combined abdominal perineal resection of the rectum for 
adenocarcinoma. It is apparent that although he also received approximately 
3 L. of 10 per cent fructose in distilled water daily his balance data show 
some water retention and a lower sodium deficit than that noted in the 
previously discussed patients. From the study of this man and other patients 
who had combined abdominal perineal resections, it seems apparent that the 
retention of water and sodium probably resulted because of the accumulation 
in the perineal wound of serum and edema with an electrolyte content com- 
parable to that of interstitial fluid. Since such fluid would contain only small 
amounts of potassium, the balance data of this ion would not be appreciably 
effected. V. P. was operated upon for an acute and chronic salpingitis, right 
tubo-ovarian abscess, and acute suppurative periappendicitis. Because of para- 
lytic ileus she was not given anything by mouth and was maintained on 2,900 
ml. of 10 per cent fructose daily for 8% days. During the postoperative 
period this patient had modest sodium and potassium losses. 


The results of 4 patients who were given a 5 per cent protein hydrolysate 
in 10 per cent fructose with electrolytes are shown in Fig. 8. J. C., N. F., 
and E. E. also received 600 ml. of a 15 per cent fat emulsion* daily. J. C. 
was operated upon because of a duodenal ulcer; N. H., because of an adeno- 
carcinoma of the sigmoid colon; and N. F. and E. E., for carcinoma of the 
stomach. It may be noted that, except for slight deviations, these patients 
were essentially in sodium and potassium equilibrium. 


Fig. 9 summarizes the findings in those patients who were given little 
or no sodium or potassium on the day of surgery and the next 2 postoperative 
days. The cumulative 3-day electrolyte losses in the urine and the total def- 
icits are shown. The points in the center of the columns represent the 3-day 
cumulative electrolyte deficits of the patients who were gastrectomized. The 
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*I-V Lipomul was kindly supplied by the Upjohn Company, Kalamazoo, Mich. 
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horizontal bars within the columns represent the average 3-day cumulative 
urinary or total deficits noted in these 12 patients. The points on the left 
side of each column represent the electrolyte deficits in the remaining patients 
who received comparable intravenous therapy. From this figure, it is evident 
that in this group of patients the average urinary sodium and potassium def- 
icits was slightly less in those patients who received 5 per cent dextrose intra- 
venously than in the patients who were given the 10 per cent hexose solutions. 
Again, although there were deviations above and below the average, it is 
of interest to note that the average electrolyte losses following either of the 
10 per cent hexose solutions were essentially the same. Because of the vari- 
ations noted from patient to patient, it is evident that neither the sodium 
nor potassium deficits were dependent upon the type of hexose administered. 


In determining the effect of infusing different carbohydrate solutions on 
the amount of hexose that was lost in the urine, a total of 33 patients were 
studied, including most of the 25 patients previously discussed. Eight patients 
received 125 to 150 Gm. of carbohydrate intravenously each day as a 5 per 
cent dextrose solution. While in a few instances little or no hexose was pres- 
ent in the urine, these patients excreted an average of 9.4 per cent of the ad- 
ministered dextrose in the urine on the day of operation. Thereafter, the loss 
of sugar ranged from 3.8 to 6.5 per cent of that administered with approxi- 
mately 96 per cent of the administered dextrose being retained. 


Four patients were given intravenously a 10 per cent dextrose solution 
(250 to 300 Gm.) daily. On the day of operation they lost an average of 12.9 
per cent and on the first postoperative day an average of 10.5 per cent of the 
administered sugar. Two other patients were given 250 Mg. of depo-testos- 
terone eyclopentylpropionate* 24 hours before operation and 3,000 ¢.c. of a 
5 per cent protein hydrolysate and 10 per cent dextrose solution (300 Gm. of 
dextrose) daily and had comparable losses (12.6 per cent). In these 2 patients 
and the 4 previously mentioned individuals the average loss during the next 
3 days ranged between 6.1 and 8.4 per cent. Six additional patients were 
given 20 to 25 per cent dextrose solutions in addition to a protein hydrolysate 
in an attempt to provide a high caloric intake. These patients also lost 
moderately large amounts of the infused dextrose, retaining 80 to 95 per cent 
of the administered hexose on the day of surgery and the next 2 postopera- 
tive days. 

Six patients were given 250 to 300 Gm. of fructose in a 10 per cent solu- 
tion daily. On the day of surgery they lost an amount of hexose in the urine 
equivalent to 1.8 to 8.3 per cent of that administered intravenously, with an 
average loss of 3.6 per cent. Over the first 3 or 4 postoperative days an 
amount equivalent to 2.5 to 6.9 per cent of the administered hexose was re- 
covered in the urine with an average of approximately 97 per cent of the 
administered hexose being metabolized. Five patients were given 300 Gm. 
of fructose daily in the form of 10 per cent fructose in water or with a 5 per 
cent protein hydrolysate and 2 additional patients received the same solutions 


*Kindly supplied by The Upjohn Company, Kalamazoo, Mich. 
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plus 250 Mg. of depo-testosterone cyclopentylpropionate. Since the amount 
of urinary hexose was comparable in these 7 patients it seems evident that 
neither the protein hydrolysate or the depo-testosterone noticeably influenced 
the renal excretion of hexose. Because of this the results will be discussed 
together. On the day of operation, an amount equivalent to 0.34 to 4.7 per 
cent of the administered hexose was present in the urine. In these 7 patients, 
94 to 99 per cent of the administered hexose was retained with an average 
of about 97 per cent being available for utilization on the day of surgery 
and the next 3 to 5 postoperative days. 

From the study of these patients it seems apparent that the loss of ad- 
ministered hexose is usually not large. In a few instances 50 to 80 Gm. of 
reducing substance was recovered from the urine after administering a 20 
to 25 per cent dextrose solution intravenously. On the day of operation, an 
average Of 90.6, 87.5, and 97 per cent of the administered hexose was avail- 
able for utilization when solutions containing 5 per cent dextrose, 10 per 
cent dextrose, and 10 per cent fructose were administered. Although the 
grams of hexose given per kilogram of body weight per hour were believed to 
remain relatively constant (0.25 to 0.40 Gm. of hexose per kilogram per hour) 
in the 33 patients studied, the amount of sugar recovered in the urine was 
greatest when 10 to 25 per cent dextrose solutions were given. 
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Fig. 10.—Urinary loss of hexose following the intravenous administration of either a 
5 or 10 per cent dextrose or 10 per cent fructose solutions on the day of operation and 
subsequent 3 postoperative days. 


The results of this study are summarized in Fig. 10. Since there was 
0.5 to 1 per cent or less difference when 10 per cent dextrose or fructose in a 
protein hydrolysate was given, from the results of the patients who received 
either of the hexoses alone, the data employed to calculate the results shown 
in Fig. 10 were taken from the study of 8 patients who received a 5 per cent 
dextrose solution, 6 patients who received 10 per cent dextrose, and 13 patients 
who were given a solution containing 10 per cent fructose. 

In some patients who received the various hexose solutions preopera- 
tively, the amount of hexose in the urine varied from 1 to 3.5 per cent of the 
amount infused. However, in a small group of patients admitted because of 
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pyloric or small bowel obstruction who were studied preoperatively, the loss 
of hexose frequently exceeded 4 or 5 per cent of that infused. The abnormal 
carbohydrate metabolism noted in such patients prior to operation might 
well be a result of an inadequate sugar and vitamin intake or the effects of 
dehydration, or most likely a combination of the various factors. 


DISCUSSION 


Our findings indicated that the type of hexose (dextrose or fructose) 
administered had little, if any, effect on the amount of water, sodium, or 
potassium excreted in the urine. In this study the infusions were given over 
a 214- to 314-hour period, and thus the rates of infusing the various hexoses 
on a weight-time basis were kept below that which leads to an excessive 
urinary hexose excretion. When an adult of average size is given a 10 per 
cent hexose solution at the aforementioned rate, there is no significant urinary 
spillage of sugar nor abnormal loss of water or electrolytes. 

Factors which well might accelerate the loss of water, hexose, sodium, 
and potassium in the urine are the patient’s state of health as well as the 
rate and concentration of the hexose given. It is apparent from our studies 
that acutely ill patients admitted because of a paralytic or mechanical ob- 
struction of the gastrointestinal tract prior to treatment may exhibit hyper- 
glycemia and glycosuria, and if the ingestion of nutrients has been minimal 
or absent, ketonuria may also be present. Since such patients preoperatively 
might exhibit a diabetic-like state, it is apparent that following the intra- 
venous administration of carbohydrate solutions more sugar would be spilled 
in the urine than would otherwise oceur. It should also be remembered that 
patients who are losing large volumes of gastric juice by vomiting or from 
suction may show large sodium and potassium losses in the urine, in spite 
of total body deficits of these ions.* 

Ashare, Moore, and Ellison® have studied the utilization of dextrose, in- 
vert sugar, and fructose. They concluded that infusions of fructose and invert 
sugar led to slightly smaller losses of urinary sugar in normal subjects and 
patients with pancreatic disease and hepatitis. From their studies they also 
observed that ‘‘in general, the diuretic effect was slightly less marked with 
fructose and invert sugar.’’ While their patients exhibited a slightly greater 
average loss of sodium (7 meq.) and potassium (4 meq.) when fructose was 
administered, they felt that the differences were not significant. 

As has been previously mentioned, Beal and Smith’ have reported ob- 
servations in 4 patients who each underwent a subtotal gastrectomy and from 
these studies concluded that fructose was not a suitable sugar to employ, 
particularly in patients undergoing surgical procedures or suffering from 
fluid and electrolyte imbalance. Their conclusions seem untenable for the 
following reasons: (1) Nothing is said concerning the preoperative status 
or treatment of these patients (preoperative nutritional intake, existence of 
hemorrhage, pyloric obstruction, and so forth). (2) Postoperatively the extra- 
renal losses of water and electrolytes are not tabulated. (3) While glucose 
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is found in the urine following the intravenous administration of fructose in 
both the diabetic and normal individual, the exeretion of significant amounts 
of fructose following the administration of glucose intravenously has jot 
been shown to occur, as reported by these workers. (4) In view of other 
studies,” * * it would seem unlikely that their 4 patients would exhibit as 
positive a nitrogen balance as they report on such a low calorie intake, from 
the first through the fourth postoperative days. (5) It seems probable that 
the sodium and chloride content (and possibly potassium) of the 2,000 ml. 
of 5 per cent protein hydrolysate and 5 per cent hexose solution were not 
included in the intake of these ions. The recorded intake of 155 meq. each of 
sodium and chloride daily and the fact that none of the present protein 
hydrolysates contain these amounts in 2 L. makes it seem likely that a liter 
of 10 per cent hexose in normal saline was given and the amounts of the 
various ions in the hydrolysates were not ineluded. 

The recent findings of Peden, Pareira, Bond, and Riley*’ in normal and 
postoperative individuals who were given fructose intravenously were also 
contrary to those of Beal and Smith.’ From our studies it is evident that 
there is no significant difference in electrolyte balance following the intra- 
venous injection of either dextrose or fructose when they are given at a rate 
not exceeding 0.5 Gm. per kilogram per hour. It is also apparent that deficits 
of nitrogen or electrolytes will oceur in normal individuals or sick patients 
when there is no intake of these substances. <A pre- or postoperative patient 
who does not have abnormal extrarenal losses or advanced malnutrition, 
eardiae, renal, liver, or endocrine disease will be essentially in equilibrium on 
daily intake of 80 to 100 meq. each of sodium, potassium, and chloride. 


Caleagno, Rubin, and Singh,® in a recent report, concluded that post- 
operative oliguria does not oceur following a variety of surgical procedures 
in infants except when dehydration exists. From our observations of the 
patients ineluded in this report, their conclusions are also applicable to the 
vast majority of the adult postoperative patients. In patients undergoing 
combined abdominal perineal resection of the rectum or when paralytic ileus 
or other situations” '* which lead to the translocation of fairly large amounts 
of water and electrolytes occur, a positive balance of water and electrolytes 
may exist. Obviously in such circumstances if water and salts are not given, 
a diminished plasma volume will result. If, on the other hand, only water 
is given, a hyponatremia and hyposmolarity will occur. Great care should 
be taken to avoid overloading the elderly, cachectic patient and individuals 
who are suspected of having limited ability to excrete water or sodium. 
However, it is likewise undesirable to produce water and electrolyte deficits 
which may lead to equally serious consequences. Preoperatively when a patient 
is suspected of being unable to excrete water or sodium or may be a “sodium 
waster,’’ known quantities of water and electrolytes should be administered 
orally, or if this is not feasible, intravenously, and a 24- or 48-hour electrolyte 
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balanee should be determined. By checking questionable patients in this 
fashion it is believed that the occasional postoperative complication due to an 
excessive electrolyte retention or loss ean be avoided. 


CONCLUSIONS 


The effect of 2 different hexoses (dextrose and fructose) given intra- 
venously on the urinary losses of water, sodium, potassium, and sugar was 
studied in postoperative patients. From these observations the following 
conclusions seem justified : 


1. There was no significant difference in the urinary loss of sodium or 
potassium between those patients who received dextrose and those given 
fructose, although variations in losses from patient to patient occurred. 


2. It seems apparent that although most all of these patients were sub- 
jected to a relatively major operation there was little evidence of any diuresis 
or antidiuresis, if insensible fluid losses and internal shifts of fluid and electro- 
lyte are considered. 


3. The amount of reducing sugar in the urine was found to be slightly 
less after the administration of fructose than after the administration of 5 
or 10 per cent dextrose. 


We wish to express our appreciation for the assistance of the Laboratory Staff, Sophie 
Koenig, Jean Hower, Andrew Stradomski, Marilyn Mitchell, and Nancy Czarnecki; and to the 
personnel of the Metabolic Division, Olga Savastenok, R.N., Myrtle Edwards, R.N., Joyce 
Hofschild, R.N., Lois Baxter, R.N., Marguerite McKaig, R.N., Mary Lesogonich, R.N., Helene 
Peterson, dietitian, and Nancy Taylor, secretary, who made this study possible. 
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POSTOPERATIVE TRANSIENT ALDOSTERONISM 


J. G. Luaurapo, M.D., AaNp M. F. A. Wooprurr, M.D., 
DUNEDIN, NEw ZEALAND 


(From the Department of Surgery, Otago Medical School) 


ETENTION of sodium and increased excretion of potassium are familiar 

and striking features of the metabolic response to surgery,”® but little is 
known of the mechanisms by which these changes are elicited. It was shown, 
in 1939, by Weil and Browne‘ that there is increased excretion of corticoids 
after operations, but this observation attracted little interest and in any case 
until recently there was no evidence of increased excretion of salt-conserving 
materials. In consequence it was concluded by many*® ** that the adrenal cortex 
plays no role in the regulation of electrolyte metabolism after operations. This 
view was challenged by Moyer*® who coneluded that the phenomenon cannot be 
ascribed to alterations in renal blood flow, deficit of water, deficit of Nat, blood 
loss, or action of anesthetic agents and that it must be dependent in some way 
on adrenocortical activity. Further, Schilling and associates,** by studying 
the electrolyte concentrations in muscle wounds and in the uninjured muscles, 
concluded that the loss of K* after surgical trauma must be attributed to in- 
ereased adrenocortical activity. 

It is generally recognized that the adrenal cortex produces mainly two 
types of hormones: 17-hydroxyeorticoids, which, like cortisone, exert their effect 
predominantly on carbohydrate and nitrogen metabolism, and mineralocorti- 
ecoids that influence the Na* and K* distribution in the body. Most studies of 
the effect of surgical trauma on the adrenal cortex have been based on the ex- 
eretion of 17-hydroxycorticoids,® 7% 27 %1 53, 41, 42 and the mineralocorticoids have 
been largely neglected, owing mainly, it would seem, to difficulties of estimation. 
It was concluded, however, by Johnson, Conn, Iob, and Coller,'* from observa- 
tions on the concentrations of Na* and K* in perspiration, that there is ‘“in- 
creased activity of salt-active adrenal steroids in the postoperative period”; and 
Moore and his colleagues?® 27 showed that, while changes in nitrogen excretion 
after surgical trauma can be correlated with the levels of 17-hydroxyeorticoids 
in urine, there is a remarkable lack of correlation between changes in electrolyte 
metabolism and 17-hydroxyeorticoid levels. In fact, in one of their papers,?” 
they pointed out that Na* conservation sometimes continues even when the uri- 
nary excretion of 17-hydroxycorticoids has returned to a low value and suggested 
that this might “possibly be related to the presence of an electrolyte-active 
steroid, which we are unable to detect at the present time.” 

The discovery, isolation, and identification®*** of a potent electrolyte-regu- 
lating corticoid (E.-R.C.) of the adrenal cortex, now called aldosterone, has 
opened new perspectives in the study of alterations associated with Na* and K* 
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disturbanees. The design of a method of bio-assay*® *® which can be used as 
an index of the amount of aldosterone present in human urine’ was an incentive 
to investigate the excretion of this corticoid after surgical trauma. 

By using this method of big-assay, Llaurado** showed, in 1954, that there 
is an increased excretion in urine of an E.-R.C. in the 24 hours following surgi- 
eal operations, and this finding has been recently confirmed by Zimmermann 
and associates.°° Subsequently, Llaurado, Neher, and Wettstein,*® *° by pool- 
ing a large number of postoperative urines, sueceeded in isolating the E.-R.C. 
chemically and identified it as aldosterone. 

In the present investigation the excretion of aldosterone has been studied 
for 2 or 3 days following operation, and also in the late postoperative period, 
in order to determine whether there is any relationship between the excretion 
of this hormone and the excretion of Na* and K*. 

In the absence of a generally accepted terminology, it seems desirable to 
define the following terms used throughout this paper: 

Aldosterone Activity.—Aldosterone activity is the capacity of certain ma- 
terials to induce a diminution of the Na*/K* ratio in the urine of man and 
animals. 


Aldosterone-like Corticoids.—This expression is used for natural or syn- 
thetic corticoids possessing a strong aldosterone activity and is used in prefer- 
ence to “mineralocorticoids.” 

Time-Dose of Urinary Extract.—The time-dose indicates the proportion of 
the extract from a 24-hour sample of urine used in the bio-assay; thus a 3-hour 
time-dose denotes one eighth of the extract from the 24-hour urine specimen. 


METHODS 


Bio-assay for Aldosterone Activity——The method has been fully described 
in previous papers'* ?° and is, therefore, only summarized here: 


Procedure: Young male white rats (approximately 75 Gm. in weight) 
were bilaterally adrenalectomized and maintained for 4 days on a standard 
pellet diet?® with 0.9 per cent NaCl to drink ad lib. At 9 A.M. on the morning 
of the test, food and drinking fluid were withdrawn from the cages. At 10 A.M. 
subeutaneous injections of the steroid (or extract of urine) to be assayed were 
made, using as solvent 0.1 ml. of 20 per cent ethanol in water. Seven rats were 
used for each group, and 4 or 5 assays were done at each session. <A control 
group was injected with solvent alone. Before injection the bladders of all rats 
were emptied by applying suprapubic pressure while allowing the animals to 
inhale a little ether. At 11 A.m., 1 ml. of an aqueous solution containing 1 mg. 
Na* and 10 mg. K* as chloride was injected subcutaneously to each rat, which 
was then put in a separate metabolism cage. At 2 p.m. the rats were made to 
urinate, and all the urine in the metabolism cage was collected. Estimations of 
Na* and K* in each urine specimen were made by flame photometry. 


Assessment of aldosterone activity: The ratio of Na* to K* in each urine 
100 x Ry ; 
was caleulated and the results were expressed as —— where Rr is the 
C 
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mean ratio of Na*t/K* in the treated group and Re is the corresponding value 
in the control group. The activity of aldosterone-like corticoids was, therefore, 
measured by a reduction in the percentage, a greater reduction signifying a 
higher activity of the aldosterone-like corticoid. 


Preparation of Urine Extracts.—Twenty-four-hour samples of urine were 
collected without preservative. Chloroform (15 ml. per 100 ml. of urine) was 
added, the mixture was shaken for 60 seconds and allowed to stand for 30 min- 
utes before separation. The extraction was repeated 4 times. Emulsions were 
broken by centrifuging at 3,000 r.p.m. for 15 minutes. The chloroform layers 
were separated, pooled, and evaporated to dryness under reduced pressure us- 
ing a water bath at 40° C. The residuum was redissolved in 3 lots of 2 ml. of 
fresh chloroform and transferred to a small weighing tube. The chloroform 
was blown off with a nitrogen stream. These dry extracts were kept in the 
refrigerator. For injection into rats the dry extract was dissolved in 20 per 
cent ethanol in water. The volume was adjusted so that the amount of solution 
injected to each rat (0.1 ml.) contained a 3-hour equivalent of the 24-hour. 
extract. 

While this work was in progress it was reported®® that greater yield of 
aldosterone could be obtained by acidifying the urine to pH1 before extraction, 
but to facilitate comparisons with previous work® ** "4 it was decided not to 
change the procedure described above. 


Estimations of Na* and K* in Human Urine.—These estimations were made 
by flame photometry.** 


Plan of Investigation—Adult patients of both sexes suffering from a 
variety of clinical conditions but showing no obvious endocrinologie disturbances 
and no electrolyte imbalanee, who were subjected to operations of various 
grades of severity, were used for the investigation. Aldosterone activity in the 
urine of all these patients was assayed the day before and the day immediately 
after operation; in 5 patients it was also investigated during the first 2 or 3 
days after operation and in the late postoperative period (from the fifth to the 
fifteenth day according to the ease, vide infra). The complexity of the assay 
limited the number of estimations of aldosterone that could be made on urinces 
collected during the postoperative period. For this reason the urines in sub- 
sequent days were not extracted until the day on which the urinary Na*/K* 
ratio showed a return to the preoperative level. The urine on this day was 
extracted, however, to see whether the aldosterone activity had likewise returned 
to normal. 


At the beginning of this investigation, the significance of the possible ex- 
cretion of aldosterone following operation was not fully appreciated. For this 
reason urinary collections were made only before and immediately after opera- 
tion in the earlier patients studied. 


RESULTS 


Ten consecutive patients were studied and 34 bio-assays of urine were made. 
The observed values of aldosterone activity together with other clinical data 
have been tabulated in Table I. All the figures on the first and second day 
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after operation with the exception of Patient No. 4 were lower (that is, they 
showed greater aldosterone activity) than those before operation. This eon- 
firms, in a greater number of patients, the work previously reported'*'* and 
recently corroborated by other workers.°® By the time the Na*/K* ratio in the 
patients’ urine returned to normal (fifth to fifteenth day) the aldosterone activ- 
ity had also returned to normal (Patients Nos. 6 to 10). It will be observed 
that the operations were of various kinds, and it is also of interest that increased 
postoperative aldosterone activity did not appear to depend to any important 
extent on either the nature and magnitude of the operation or the amount and 
composition of intravenous fluid administered during the operation and the im- 
mediate postoperative period. 

In Table II the daily output of urine and the concentrations of urinary 
Na* and K* of the same patients have been tabulated. It may be seen from 
Tables I and II that the level of aldosterone activity in urine is independent 
of the 24-hour volume of urine; this observation is confirmatory of previous 
reports.’* *4 
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Fig. 1.—Correlation between aldosterone activity and Nat/K+ ratio of patients’ urine before 
and after surgical trauma. 


When the aldosterone activity values were plotted against the logarithm of 
the Na*/K* ratio in the urine of patients (Fig. 1), a linear relationship was 
found. The coefficient (r) for this correlation was found to be 0.59, which is 
statistically significant (P<0.01). Three points above the 100 level (marked 
with a dotted circle in Fig. 1) have been excluded from this calculation, since 
they express aldosterone activity that is less than zero. If, however, these 3 
figures are included, the coefficient of correlation (r) is 0.36 and the correlation 
is still significant (P<0.05). 

In Fig. 2, a graphical representation of the correlation between aldosterone 
activity and the Nat/K* ratio of the 5 patients studied in more detail is pre- 
sented. Results arranged in this way show the remarkable correspondence be- 
tween the aldosterone activity and the Na*t/K* ratio for each patient’s urine. 
In the upper scale the logarithms of the values corresponding to the Na*/IX 
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ratio in the patient’s urine have been plotted. Since each patient has an indi- 
vidual pattern of excretion of Na* and K+, the preoperative value of the urinary 
Na*/K* ratio is expressed as 100, and the values in subsequent days are ex- 
pressed as percentages of the preoperative value. In the lower scale the values 
of aldosterone activity are represented. It may be seen that the preoperative 
and late postoperative aliquots of urine showed very little aldosterone activity; 
that is to say, they caused little Na* retention in the adrenalectomized rats used 
for the bio-assay. Indeed, in one instance (Patient No. 8), Na* excretion was 
observed. On the other hand, the aliquots belonging to the first and second days 
after operation showed a consistent aldosterone activity. 
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Fig. 2.—Comparison between Nat+/K+ ratio and aldosterone activity in patients’ urine 
before operation and at different stages after operation. Lower scale: aldosterone activity 
levels. , Upper scale: logarithm of Nat/K+ ratio as percentage of preoperative value in 
patients’ urine. Note the similarity between both sets of figures. As Patient No. 7 had 
anuria on the first postoperative day the results of the second and third postoperative days 
have been plotted in place of those of the first and second day. 


The question naturally arises as to whether these figures ean be translated 
to express quantitatively the amount of aldosterone in the patient’s urine sam- 
ples. In order to investigate this, bio-assays were made with pure aldosterone, 
Yachlorohydrocortisone (CL-F) and Qafluorohydrocortisone (F-F) acetates, 
and desoxycorticosterone (DCA), corticoids which are known to possess a pre- 
dominantly aldosterone-like activity. The results have been reported fully else- 
where,!” 2° but a graph summarizing the findings is reproduced in Fig. 3. From 
this illustration it will be seen that there is a linear relationship between the 
Na*/K* ratio expressed as a percentage of the control group and the log-dose 
of each steroid employed. When the dose of each steroid which elicited a 50 per 
cent effeet is compared (Fig. 3), aldosterone is 3, 10, and 100 times as potent 
as C|-F, F-F, and DCA, respectively. Simpson and Tait,*® the pioneers in this 
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field, reported similarly that aldosterone has 100 times the activity of DUA, 
Other workers,? however, have reported that aldosterone has only 37 times the 
activity of DCA. 

The aldosterone activity values of the postoperative urinary extracts plotted 
in Fig. 2 ranged from 76.6 to 44.5 indicating the presence of amounts of E.-R.C. 
equivalent to 0.012 to 0.12 png. of aldosterone or to 2 to 10 wg. of DCA (Fig. 3) 
per single aliquot of urine extract injected into the rats. These figures express- 
ing the results in terms of weight units of aldosterone or DCA are merely sug- 
gestive, since the methods for estimating aldosterone can at present be regarded 
only as very roughly quantitative in consequence of the different methods used 
by different workers”? for extracting the urine and for the bio-assay* *° ** 1% 1% 4 
or physicochemical estimation.” *° ** However, figures obtained from the same 
patient before and after a certain treatment, using the same method of extrae- 
tion and the same method of determination, lend themselves to a more reliable 


comparison. 
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Fig. 3.—Assays with pure aldosterone, Cl-F, F-F, and DCA. Linear relationships be- 
tween biologic response and log-dose employed for each steroid. (Figures in brackets indicate 
number of bio-assays per dose assayed. ) 


TABLE III. BIo-ASSAYS WiTH MIXED STEROIDS 


ALDOSTERONE 
STEROIDS (DOSE IN uG.) ACTIVITY 
a _ 28.3 + 4.9 


+ 


Aldosterone alone (0.25) 
Cortisone (50) + aldosterone (0.25) 36.7 = 95.5 
Aldosterone alone (0.1) 42.0 
liydrocortisone (100) + aldosterone (0.1) 36.4 


Aldosterone alone (0.1) 


2.0 
Tetrahvdrocortisone (100) + aldosterone (0.1) 4 


+ 
43.2 


Differences between all paired values are not significant. 
*Mean + S.E. — S.E. calculated as shown in Table I. 
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Finally the question may be raised as to whether the well-known postopera- 
tive inerease* in urinary steroids other than aldosterone interferes with the bio- 
assay. Although previous reports” 1° 4% seemed to indicate that this was not the 
ease, the matter was put to the test by mixing a measured amount of aldosterone 
with approximately 1,000 times the quantity of either cortisone, hydrocortisone, 
or tetrahydrocortisone (3 steroids known to be present* in normal and _ post- 
operative urines) and subjecting the mixtures to bio-assay. The results, shown 
in Table III, suggest that no significant degree of interference has occurred. 
Results showing that chromatographic separation of the urinary extracts is not 
necessarily a prerequisite for bio-assay have recently been reported independ- 
ently.*? 

CONCLUSIONS AND DISCUSSION 

The results show that for several days after operation there is increased ex- 
eretion of aldosterone in the urine. It has been suggested’ that the phe- 
nomenon should be called postoperative transient aldosteronism, in contrast to 
the condition of primary aldosteronism described by Conn.* There is a sig- 
nificant correlation and an approximately linear relationship between the aldos- 
terone activity and the logarithm of the Na*/K* ratio in urine of patients be- 
fore and after operation. During the period of increased aldosterone excretion 
the urinary Na*/K* ratio remains significantly lowered, and by the time this 
ratio returns to its preoperative level the aldosterone level in the urine has also 
returned to its preoperative level. 

It seems likely, from a knowledge of what occurs with other corti- 
coids,® °% 44: 42 that increased urinary excretion of aldosterone reflects an in- 
crease in the blood level of this hormone. If this is the case there would seem 
to be little doubt that one of the factors, and possibly the main factor, responsible 
for postoperative Na* retention and K* loss is a rise in the amount of circulat- 
ing aldosterone, but the data here presented do not offer any explanation of 
why such a rise should occur. There would appear to be two possibilities: (1) 
increased production of the hormone by the adrenals and (2) a diminution in 
the rate of destruction of the hormone by the liver, which is the organ known 
to be concerned with inactivation of various corticoids including aldosterone. 

There is good evidence *® that administration of ACTH has little effect 
on aldosterone production in man, and it has been shown further that aldosterone 
is produced even by patients with hypopituitarism”’ or after hypophysectomy”’; 
it seems unlikely, therefore, that increased production of the hormone after 
operation could be brought about by a pituitary-adrenal mechanism. It has 
been shown, however, that administration of K* to normal subjects results in 
a Significant increase in aldosterone exeretion,?° and it is conceivable that suffi- 
cient K* is absorbed from the field of operation*® *’? to produce a similar effect. 
It is conceivable also that aldosterone production once started in this way might 
continue for some time after the stimulus responsible had ceased to operate. 


Experiments to investigate this possibility are in progress and will be reported 
later. 
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The suggestion that the rate of destruction of aldosterone may be dimin- 
ished after operation is based on observations of two kinds. In the first place, 
it has been shown by Tyler and associates‘? that after operations of various 
kinds there is impaired liver function as indicated by diminished capacity to 
exerete Bromsulphalein and that the results of the Bromsulphalein excretion 
test show good correlation with the plasma 17-hydroxycorticoid levels. It was 
eoncluded** that the inereased plasma 17-hydroxycorticoid level, though due 
partly to increased secretion, was due also in part to impaired inactivation by 
the liver. Second, it has been shown by Gordon’ that slices of normal liver in 
vitro abolish the Na* retaining activity of urine extracts from patients with 
cirrhosis of the liver and ascites, and more recently Reaven*? has shown that such 
slices also inactivate pure aldosterone. The hypothesis has the further attrac- 
tion that it suggests a possible explanation for the otherwise puzzling observa- 
tion of Ingle and associates® that the typical metabolic response of nitrogen loss, 
Na* retention, and K* excretion, which occurs after experimental fractures in 
intact rats, oeeurs also in adrenalectomized rats maintained on a constant 
amount of adrenocortical extract. 

What is the teleologie significance of postoperative transient aldosteronism, 
and what are its therapeutic implications? It would be rash indeed, despite 
the well-known danger of excessive: Na* retention after operations, to conclude 
that this response to trauma is wholly disadvantageous to the patient, but it 
must obviously be taken into account in planning postoperative treatment. 


SUMMARY 


The changes in sodium and potassium metabolism commonly known to 
occur in patients submitted to surgical operations are associated with an in- 
erease in the daily urinary excretion of aldosterone. 


It has been suggested that this phenomenon be called postoperative tran- 
sient aldosteronism. 


A linear relationship has been found to exist between aldosterone activity 
and the logarithm of the Na*t/K* ratio of the patients’ urine before operation 
and in the early and late postoperative period. 

By the time the Na*/K* ratio returns to its preoperative level, the aldos- 
terone level in the urine has also returned to its preoperative level. 

It is suggested that aldosterone is the principal factor responsible for the 
electrolyte disturbanees which occur in the first few days after operation. 

Increased production of aldosterone by the adrenal cortex and impaired 
rate of destruction by the liver are suggested as possible causes of postopera- 
tive transient aldosteronism. 

We wish to thank Professor T. Reichstein (Basle) for a generous gift of aldosterone, 
Dr. A. Wettstein (Basle) for a generous gift of tetrahydrocortisone, Dr. A. F. Langlykke 
(The Squibb Institute for Medical Research, New Brunswick, N. J.) for kindly supp!) r 
halogenated corticoids, Dr. C. P. Silirie (Merck-Sharp & Dohme International, New \ ps 
for kindly supplying cortisone and hydrocortisone, Mr. G. Spears for assistance in Ut 


statistical analysis, and Miss K. D. Entwistle and Miss M. W. Thornton for preparing the 
illustrations. 
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TISSUE RESPONSE TO ORLON AND DACRON SUTURES 
A Comparison WiTH NyLon, Corton, AND SILK 


GartH B. DETTINGER, Masor, USAF (MC),* anp WARNER F.. BOWERS, 
CoLONEL, USAF (MC),** Forr Sam Houston, TEx. 


ODERN chemistry has developed synthetic fibers of unusual adaptability 
in the field of industry. Nylon, the first of the truly manmade fibers, 
was quickly shown to be adaptable also in the field of surgery. As a multi- 
filament suture it has since proved to elicit a low degree of tissue response com- 
parable to silk,’ 2” 27 and as a monofilament suture has proved to evoke even 
less tissue reaction.2? Yet neither nylon nor any of the natural materials has 
filled the surgeon’s need for an ideal suture. Since the synthetic fibers have 
shown promise of more nearly approaching the requirements of the ideal su- 
ture and since synthetic fabrics have proved feasible as prostheses for bridg- 
ing arterial defects,°-* ® 1% 14 17 3% 33 two of the more recently developed plas- 
ties, Orlon and Dacron, were selected for comparison with other well-studied 
materials as to their stimulation of reaction in living tissue. 


CHARACTERISTICS OF THE IDEAL SUTURE 


Sutures serve but a single purpose—to maintain tissue approximation un- 
til such time that the process of healing attains sufficient tensile strength to 
prevent dehiscence of the wound during normal physiologic activity. Once 
this point is reached, the ideal suture is one that would completely disappear 
leaving no trace of its former presence. The ideal would be to use no sutures 
whatsoever, for all are foreign bodies which excite a response which is in all 
respects similar to that following a wound, but no adequate nonsuture tech- 
nique has been developed. All sutures now employed are compromises of the 
several requirements an ideal suture should possess. 


Availability and Economy.—The natural fibers, cotton and silk, have long 
been available in large quantity and at low cost. Catgut, probably still the most 
widely employed suture material, is available in adequate quantity, but its 
cost remains several times that of cotton or silk. When initially introduced, 
the synthetic fibers were extremely expensive, but simplified and expanding 
production has resulted in costs which are now comparable to that of the 
natural fibers and which will probably decrease even more in the future. 
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Tensile Strength—Halsted"' and others*® ** *? have stressed that sutures 
should be fine since they need not and should not be stronger than the tissues they 
approximate. Since tissue response is roughly directly proportional to the 
mass of foreign material, sutures of high tensile strength permit the use of 
finer sutures with resulting lower tissue reaction. 

Tensile strength is a feature of synthetic fibers which makes them very 
efficacious as suture materials. Nylon in equivalent sizes is 30 per cent stronger 
than silk,?* and Orlon and Dacron share this same advantage. Although nylon 
and Orlon lose 15 and 5 per cent of their tensile strength, respectively, when 
wet,'? this is considerably less than the loss ineurred by silk. Dacron’s strength 
is unaltered in the wet state. Despite cotton’s 10 to 30 per cent wet strength 
gain, its low initial dry tensile strength (one half that of chromic catgut and 
three quarters that of silk) is more than offsetting. Excluding synthetic fibers, 
chromie catgut is the strongest suture size-for-size in the dry state. It does, 
however, suffer considerable loss of strength when wet, and its 30 per cent 
loss of tensile strength 4 days after tissue implantation and 50 per cent loss 
after 7 days'® *° make it the second weakest suture. Only plain catgut with a 
90 per cent loss of strength at 6 days is weaker.* The enzymatic action and 
pH of tissue fluids are also responsible for these losses of strength of catgut 
and for the smaller losses of silk. Although in vivo measurement of tensile 
strength of the synthetic fibers after tissue implantation has not been per- 
formed, in vitro experiments reveal them to be far superior to the natural 
fibers as regards resistance to both weak alkalis and weak acids. 

Ease of Sterilization—The ideal suture must permit the usual methods of 
sterilization employed in the hospital or office to render bacteria nonviable 
while strength, pliability, and uniformity remain unimpaired. Sinee all bae- 
teria cannot be exeluded from even surgical wounds made under the best con- 
ditions of asepsis, the suture must not promote or sustain bacterial growth of 
itself; thus a suture should be noneapillary in order to prevent the accumula- 
tion of serum or other fluids conducive to bacterial growth. Further, the su- 
ture should be unaffected by the presence or multiplication of organisms. 

Recent manufacturing methods have resulted in sterilization of catgut that 
formerly was not assured. Silk and cotton are known to be easily sterilized. 
l‘ortunately, the synthetic fibers nylon, Orlon, and Dacron have melting points 
that are well above autoclaving temperatures, being unaffected by tempera- 
tures up to 455° F. This permits their safe and easy sterilization. 

The synthetic fibers, unlike silk and especially cotton, undergo little swell- 
ing when moistened. This is a reflection of moisture regain or moisture absorp- 
tion and results in the low eapillarity of synthetic fibers.2® Beyond minimizing 
the accumulation of a medium suitable for bacterial growth, low moisture 
regain has the additional advantage of obviating additional tissue compres- 
sion by encroachment of an increasing suture volume after implantation in 
tissues. A further advantage of the synthetic fibers is their complete resist- 
ance to deterioration in the presence of multiplying bacteria or fungi. 








ee 2 TISSUE RESPONSE TO ORLON AND DACRON 327 
Number 


Manageability —F or a suture to gain acceptance by all surgeons, it must be 
pliable yet resilient, for extremes of rigidity and flaccidity increase the diffi- 
culty of employing it. Pliability is also important since less yielding sutures 
will maintain knot security less well than more supple varieties and will suffer 
inordinately high losses of tensile strength when knots are properly set?®— 
this loss is 30 per cent at best. Furthermore, the suture ought not present 
sharp or pointed surfaces which might bring about breaks in sterile technique 
through penetration of surgical gloves or cause painful stimuli when implanted 
in subeutaneous tissues. 

The pliability and feel of the synthetic fibers are almost exactly like that of 
the popular suture materials cotton and silk. The stretchability (ultimate 
elongation) of Dacron is comparable to silk, and that of Orlon is much like 
that of cotton. 


Noncarcinogenesis.—The surgeon must not subject his patient to the later 
risk of malignancy through his use of possible carcinogenic suture material. 
The natural fibers have proved themselves through the years to be free of 
this danger. Certain of the newer plastic substances have been incriminated 
as exciting anaplasia in experimental animals. The polymers—cellophane, poly- 
ethylene, and vinyl! film—have all produced a high incidence of sareoma when 
implanted in white mice, but considerably less in black mice.?* Luskin and 
Robinson”? have claimed that methyl methacrylate (Lucite) excites a high in- 
cidence of fibrosarcoma when implanted subeutaneously in mice. Lucite, how- 
ever, has contained hydroquinone and cadmium oxide contaminants, and one 
is not sure that the polymer itself was etiologic. No case of malignancy due 
to polymers has been reported in a human*‘; nylon has not caused any unto- 
ward effect in mice over a 2-year period’*; and Lucite has been buried in hu- 
man tissue for over 3 years without complieations.*? It is not possible where 
cancerous change is concerned to draw conclusions applicable to man from 
results in mice, and the evidence of carcinogenic stimulation of synthetic fibers 
is so fragmentary in animal experimental work and so completely absent in 
human implantation to date that there is no reasonable cause for excluding 
their use in man. 


Nonreactivity—The ideal suture ought to be chemically inert in tissue. 
Large’? has stated that ‘‘tissue reactivity should be the cardinal factor in the 
choice of the ideal suture material.’’ The most popular feature of catgut, ab- 
sorbability, results in its greatest failing for absorption requires phagocytosis. 
It has been shown? that wounds closed with catgut possess greater edema as 
compared with wounds sutured with cotton or silk, while microscopically there 
is a markedly greater infiltration of polymorphonuclear leukocytes. This 
reaction is earlier and more prolonged,” * 1° averaging 6 to 10 days longer 
than with silk or cotton. The lytic (lag) phase of healing is thereby pro- 
longed and the onset of fibroplasia delayed.* 2° * Howes,?> Whipple,®* and 
Localio* have shown that stomach and abdominal wounds in rats sutured 
with silk attain earlier and greater ultimate tensile strength as compared with 
catgut sutured wounds. This is a reflection of a shorter’® ?® and less pro- 
nounced?" 24 85 exudative phase with resulting earlier onset of fibroplasia. 
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With these factors in mind and with the physical properties of synthetic fibers 
indicating their suitability as suture materials, it was decided that a well- 
controlled evaluation of the tissue response to Dacron and Orlon might prove 
them to be decidedly advantageous as sutures. 


MATERIALS AND METHODS 


Healthy adult male white rats were anesthetized by the intraperitoneal 
injection of pentobarbital sodium. The abdomens were shaved and prepared 
with Septisol. Under aseptic conditions a segment of each of 5 types of suture 
was introduced subcutaneously using fine, round, straight intestinal needles. 
The sutures selected were braided black silk, twisted white surgical cotton, 
blue monofilament surgical nylon, Dacron,* and Orlon* (Fig. 1). The Dacron 
and Orlon were obtained as natural textiles, boiled in distilled water and 
detergent in order to remove the sizing, rinsed thoroughly in distilled water, 
and reboiled in distilled water alone. The threads were then pulled from the 
fabric. 








Fig. 1.—Suture materials. From left to right: silk, cotton, nylon, Dacron, and Orlon. (X7, 


1% reduction. ) 





In order to obviate errors in tissue reaction on the basis of volume dilffer- 
ences of the buried material, sutures were selected that were most nearly equal 
in diameter (Table I). 




















TABLE I. TYPE AND DIAMETER OF SUTURES EMPLOYED 
— — —déDTAMETER 
SUTURE | DESCRIPTION SIZE (MM.) _ 
Silk U.S.P., serum proof, braided 0000 1.18 
black 

Cotton U.S.P., twisted surgical white 0000 1.26 

Nylon U.S.P., monofilament, blue 000 1.20 

Dacron Undyed, multifilament ‘ 1.26 

Orlon Undyed, multifilament ‘s ; 1.14 | 7 
Huguet Fabrics Division, 


*Obtained through the courtesy of Stern and Stern Textiles, Inc., 
New York, N. Y. 
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A total of 85 rats was employed. Fifteen separate comparisons of tissue 
reaction among the 5 sutures were performed at each of 5 intervals of time as 
follows: 24 hours, 48 hours, 96 hours, 7 days, and 13 days. Five additional 
observations were made at each of two longer periods of time, 1 month and 
3 months. Each of the 425 specimens obtained by sacrificing the animals was 
fixed in formalin, stained with hematoxylin and eosin, and examined micro- 
scopically. 








C. 








. Fig. 2.—Tissue response at 24 hours. Note the dense po'ymorphonuclear leukocyte collec- 
tions about silk (A), cotton (B), and nylon (C). Dacron (D) and Orlon (£) have elicited 
little response. (X105, 44 reduction.) 

The measurement of tissue reaction was determined on the basis of three 
factors. The first of these was the polymorphonuclear leukocyte response. 
The number of cells in each of three oil immersion fields was determined for 
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each suture segment, the average was calculated, and the over-all average for 
all segments of each suture at a given period of time was compared with the 
value for every other suture. 

The second factor was the width of the tissue reaction (cellular in the 
early phases, fibroblastic in the later phases) measured in millimeters from the 
periphery of the suture outward. Eight measurements were taken about each 
suture, the average was obtained, and the over-all average for each type of 
suture was computed for each increment of time. 

Cellular density was the third factor considered. Every suture segment 
was evaluated independently on two separate occasions and values ranging 
from 1 (rare cells) to 6 (extremely dense cellular aggregates) were given the 
cellular response. 

Two other features, the onset of significant fibroblastic activity (a phase 
which can only oceur after phagocytosis of the lag phase is nearing comple- 
tion) and the extent of edema, were also observed. 
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Fig. 3.—Over-all cellular response to sutures. Fig. 4.—Average tissue response to sutures. 


DISCUSSION OF EXPERIMENTAL DATA 
From the very first observation (Fig. 2) and extending through the 
seventh day, the fibers of cotton and silk elicited a much greater acute poly- 
morphonuclear leukocyte response than did the synthetic fibers. At each in- 
erement of time the value for the natural fibers was roughly twice that of the 


TABLE II. Wu£pTH OF TISSUE RESPONSE (MM.) 








TIME AFTER IMPLANTATION (DAYS) 








SUTURE 1 2 | 4 | 7 | 13 | 30 90 
Silk .28 23 24 31 22 2 13 
Cotton .30 .29 27 33 27 .28 14 
Nylon 13 12 11 16 12 13 12 
Orlon 12 15 13 16 54 12 13 
Dacron 10 14 12 15 12 12 10 
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synthetic fibers. By the seventh day polymorphonuclear cells were few, aver- 
aging from 5.9 per oil immersion field for the least reactive (Dacron) to 11.9 
for the most reactive (silk). By day 13 (Fig. 3) all fibers were approximately 
equal with only rare acute inflammatory cells present. 


jst F 


Pry 5. 
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LF Sie Ae 

cess 


D. 








Fig. 5.—Tissue response at 48 hours. Note the extensive edema about silk (A) and 
cotton (B). The apparent edema about nylon (C) is artifact while Dacron (D) and Orlon 
(Z) have no surrounding edema. (X105, 44 reduction.) 

Throughout all periods of observation except that at 3 months, the syn- 
thetic fibers also elicited a much narrower zone of reaction than did the natural 
fibers (Table II). Cotton initiated the greatest tissue response followed closely 
by silk. The synthetic fibers were grouped together with Dacron being the 
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least irritating (Fig. 4). Edema was not included in the measurement of re 
sponse. Had this feature been included, cotton and silk would have been even 
less desirable (Fig. 5). At no time did the synthetic fibers elicit more than 
very minimal edema. 











Fig. 6.—Tissue response at 13 days. Focal collections of inflammatory cells remain 
about silk (A) and cotton (B) with many developing foreign body giant cells present. These 
features are absent about nylon (C), Dacron (D), and Orlon (£). (X105, ™%4 reduction.) 


Again, as regards cellular density, the synthetic fibers were greatly su- 
perior to cotton and silk (Fig. 4). The cellular element continued to be acute 
polymorphonuclear leukocytes for a more prolonged period about the natural 
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fibers than about the synthetic sutures. Fibroblastic activity was clearly evi- 
dent about all synthetic fibers at 3 days but was only making its first appear- 
ance about cotton and silk. By 13 days there was a cellular field consisting 





Fig. 7.—Tissue response at 3 months. Note the marked fibrosis and foreign body giant 
cell response about and within silk (4) and cotton (B). Nylon (C) has resulted in less 
response, while Dacron (D), especially, and Orlon (£) have elicited very little tissue reaction. 
(X105, %4 reduction.) 


mainly of mature fibrocytes and rare mononuclear cells about nylon, Orlon, 
and Daeron, while fibroblastic activity was still in evidence about cotton and 
silk and moderate numbers of mononuclear cells were present. Foreign body 
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giant cells were noted in significant numbers about the natural fibers at tha 


time (Fig. 6) and increased progressively in numbers to 3 months (Fig. 7 
This type of cell was rarely seen about the synthetic fibers. 


SUMMARY AND CONCLUSIONS 


1. The characteristics which the ideal suture should possess including 
availability, tensile strength, ease of sterilization, manageability, nonearcino 
genesis, and nonreactivity have been reviewed. 

2. The physicochemical properties of the synthetic fibers which make them 
appear to be ideally suited as suture material have been discussed. 

3. The results of an experimental study of the tissue response to silk, 
cotton, nylon, Orlon, and Dacron have been presented. 

4. This comparison study has shown the synthetic fibers—Orlon, Dacron, 
and monofilament nylon—to be far less irritating to tissues than cotton or silk. 
Although there was little difference among the plastic fibers as to their stimu- 
lation of tissue response, Dacron was proved to be the least reactive. 

5. Dacron should prove to be a decided improvement over the present 
commonly employed sutures, and a clinical evaluation of its usefulness appears 
distinetly worthwhile. 
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THE USE OF POLYVINYL SPONGE IN THE REPAIR OF ABDOMINAL 
WALL HERNIAS 


JessE I. AprRAHAMsS, M.D.,* AND OLE T. JONASSEN, M.D.,** Brooktyn, N. Y 


(From the Surgical Service, Veterans Administration Hospital) 


HE use of foreign materials to reinforce or replace tissues in the repair of 

ventral and inguinal hernias has found wide acceptance in the field of 
surgery. Among the many materials, tantalum’ and stainless steel mesh have 
found common usage. This paper describes the clinical experience with the 
use of polyvinyl sponge (Ivalon) in the repair of 6 recurrent inguinal hernias, 
3 femoral hernias, and 7 postoperative ventral hernias. Ivalon has been used in 
other fields of surgery, and attention was first called to it by Grindlay and 
Clagett? and Grindlay and Waugh‘ who have used it as a prosthesis following 
pneumonectomy and to reinforce the wall of abdominal aortic aneurysms. 
Cincotti and Harken’ have utilized it as a plombage in subcostal extraperiosteal 
type of therapeutic or space-filling thoracoplasty, and Cinecotti has used our 
2 mm. slices in a modification of the Allison-Collis repair of. hiatal hernia. It 
is being used with increasing frequency in vascular surgery to replace resected 
vascular segments.® 





MATERIAL 

Polyvinyl sponge (Ivalon) is a polymer of polyvinyl aleohol with formal- 
dehyde and is made commercially by foaming the substance during polymeri- 
zation. Schilling, Favata, and Radakovich® have shown that there is very 
little foreign body reaction in or about the sponge when introduced into the 
body. Tissue juices enter the interstices of the sponge. This is followed by 
fibroblastic invasion until the mesh is completely filled, thus forming a frame- 
work of healthy fibrous tissue. This action is similar to tantalum in that it 
helps to contain the hernial contents until a firm fibrous layer is formed by the 
body. 

Cumberland? has listed several criteria for a desirable foreign material to 
be used in the repair of hernias: ‘‘(1) it should be relatively inert biologically 
and clinically; (2) it must be easily sterilized; (3) it should be durable and 
provide a supporting framework for a sufficiently long time to allow a stable 
and firm fibrous tissue matrix to provide permanent cure of the hernia; (4) it 
should be relatively elastic so that it responds to deforming forces, for example, 
muscle contractions, coughing, sneezing, without tearing of its attachments to 
the patient’s tissues; (5) it should be smooth so as not to injure viscera or 
vessels; (6) it should be radiotranslucent; (7) it should be readily available 
and cheap.’’ 
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Schofield and his co-workers,’ in an experimental study, have shown that 
polyvinyl sponge meets all the requirements of a foreign material for use 
in the repair of abdominal wall defects and have suggested its clinical trial. 

We have employed slices of 2 mm. thickness, which are cut from the large 
(8 x 4.x 2 inches) commercially available block with the slicing machine found 
in the hospital dietary department. Slicing is facilitated by placing the block 
in a deep freeze until it is completely frozen. The slices are sterilized in boiling 
water for 20 minutes and when sterilized, are soft and pliable. The material 
swells to 2 to 3 times the original thickness on boiling. A single sheet of sponge 
is used and is eut to extend 2 to 2.5 em. beyond the edge of the defect in all 
directions. The material is fixed to the tissues under moderate tension with 
multiple fine sutures of catgut or silk. 


Clinical Material.—Polyvinyl sponge (Ivalon) has been used in the repair 
of 16 recurrent hernias. Six have been inguinal direct hernias, 3 have been 
femoral hernias, and 7 have been reeurrent postoperative incisional hernias. 


In all of the inguinal hernias, the transversalis fascia and conjoined tendon 
were attenuated and required a prosthesis to reinforce the repaired tissues. The 
floor was reconstructed under moderate tension. A prepared sheet of Ivalon 
was fashioned to conform to the defect and was sutured over the newly con- 
structed floor of the inguinal canal. The spermatie cord was allowed to rest 
on the sponge and the external oblique aponeurosis was reapproximated over 
the cord. 


Seven cases of postoperative reeurrent incisional hernias were repaired, 
utilizing polyvinyl sponge to reinforee the tissues. The defects in every ease 
exceeded 6 em. in the greatest diameter; measuring 10 x 7, 10 x 4, 7 x 7, 8 x 4, 
10 x 6, 12x 5, and 7x 5 em. In no ease was it possible to bring more than one 
layer of fascia across the defect. One 2 mm. layer of Ivalon was sutured over 
the fascia. 


In fourteen eases, excellent results were obtained. Wound complications 
occurred in only 2 of the patients, herewith reported in detail. The end results 
were satisfactory in each instance. 


CASE REPORTS 


CASE 1.—This 42-year-old white man had a right upper quadrant ventral hernia which 
followed exploration for repair of a duodenal ulcer in 1946. This patient had had 3 
previous unsuccessful attempts at repair of this hernia in 1948 and 1949. In 1951 he 
suffered a cerebrovascular accident with resultant right hemiplegia and weakness of the 
musculature of the right side of the abdomen. Operation was performed on March 29, 1954, 
and a defect which measured 10 by 4 cm. was noted. A one-layer fascial repair was effected 
and this was reinforced with a 2 mm. thick sheet of Ivalon. The wound was closed with 
drainage. On the eighth postoperative day, a fluctuant tender mass was noted at the operative 
site. The patient’s temperature was elevated to 101° F. Purulent material was aspirated. 
Culture yielded nonhemolytic micrococci and a saprophytic gram negative rod. Both organ- 
isms were sensitive to Terramycin. Incision and drainage was performed. Warm saline 
Soaks were applied and oral Terramycin given in 250 mg. doses 4 times daily. The wound 
healed within 7 days. Twenty-seven months postoperatively the wound was soft and com- 
pletely asymptomatic and there was no evidence of recurrence. 
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CASE 2.—A 60-year-old white man was admitted on Feb. 25, 1954, with a recurrent 
postoperative upper abdominal ventral hernia following exploration for a peptic ulcer 
November, 1952. The first herniorrhaphy on July 29, 1953, was done under endotrachea 


anesthesia and a 7 x 5 em. defect was repaired using the Mayo technique. This was 9 
inforced with a layer of tantalum mesh sutured to the fascia with 3-0 tantalum sutures. 





Fig. 1—Case 2. Hernial defect at operation. Center of the defect represents the rectus muscle 
across which the fascia could not be bridged. 





“- eee ceca consent - * 


Fig. 2.—Case 2. Ivalon sponge sutured across defect. 


Violent coughing occurred during extubation. This resulted in the disruption of the wound. 
The wound was immediately reopened and re-repaired. The postoperative course was un- 
eventful. On examination one month postoperatively, there was a recurrence of the hernia, 
13 x 10 em. in the upper abdomen. On April 22, 1954, under spinal anesthesia, the patient 
was explored and a hernia measuring 10 x 7 em. was noted. Approximately 25 em. of 
jejunum had herniated and had become adherent to the tantalum mesh. The loop of 
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jejunum was resected along with the tantalum, and an enteroenterostomy was performed. In 
order to close the defect, it was necessary to mobilize a flap of anterior rectus sheath 5 cm. 
below the inferior edge of the defect. It was turned on itself and was approximated to the 
superior edge of the defect. The one-layer repair was under moderate tension. A sheet 
of Ivalon sponge was placed over the entire defect and was sutured with 4-0 silk sutures. 
The wound was closed with drainage. On the first postoperative day, the patient became 
hypotensive, secondary to an acute gastric dilatation. This was treated with IV Levophed 
and gastric decompression. The patient developed thrombophlebitis in the left lower 
extremity following a cut-down for IV therapy. The thrombophlebitis responded to heparin 





Fig. 3. Fig. 4. 


Fig. 3.—Case 2. Before herniorrhaphy. 


Fig. 4.—Case 2. Final postoperative results. Wound healed; no evidence of hernia 3 
months postoperative. 


therapy. A hematoma formed in the operative wound following the use of heparin. The 
hematoma was aspirated on several occasions. After anticoagulant therapy was discon- 
tinued, bleeding in the wound stopped. The hematoma became secondarily infected with 
hemolytic microeoeceus which was sensitive to penicillin. Drainage, warm soaks, and intra- 
muscular Crysticillin, 300,000 units, twice a day, was used. Drainage ceased on May 17, 
1954, and the patient was discharged, fully recovered, on the twenty-sixth postoperative 
day. Twenty-six months after surgery, the patient was in good health, and the wound 
was completely healed without recurrence or extrusion of the sponge. 


RESULTS 


Six cases of recurrent inguinal hernias and 3 femoral hernias repaired 
with polyvinyl sponge (Ivalon) were followed for 2 years without recurrence. 
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Examinations made 1, 3, 6, 12, and 24 months postoperatively revealed all sears 
to be soft, pliable, and completely asymptomatic. There has been no instance 
of foreign body reaction at any time. When the sponge was placed beneat}) 
the fascial layer, no serum collection was noted. 

In the 7 eases of recurrent ventral hernias, excellent results have been 
observed in all. Follow-up has been from 20 to 30 months. Serum collections 
were present where there was extensive dissection of the flaps and where the 
polyvinyl sponge has been placed in the subeutaneous tissue. Serum collections 
which do occur are not as profuse as those found after the use of tantalum 
mesh. This observation has also been made by Schofield and his associates’ 
in their experimental animals. Drainage or aspiration will adequately remove 
the serum collection. We routinely drain the subcutaneous space for at least 
48 hours in eases where extensive mobilization of the skin flaps is necessary. 

Persistent sinus formation and extrusion of the foreign material, which is 
seen with other foreign substances following infection, has not been observed 
in our 2 infected eases. During the period encompassed by this study, one of 
us (J. I. A.) has had oeceasion to remove tantalum mesh from 2 ventral hernias. 
Each had been complicated by infection and had developed sinuses which 
drained for over one year. 
SUMMARY 


1. The clinical experience with the use of polyvinyl sponge (Ivalon) in 
the repair of 16 recurrent hernias—6 inguinal, 3 femoral, and 7 postoperative 
incisional—is presented. 

2. The material meets all the criteria for a foreign material in the use of 
hernia repair. 

3. Single sheets of 2 mm. thick are readily sterilized and are cut to any 
desired size and shape at the operating table. The material is sutured beyond 
the edges of the defect with fine catgut or silk under moderate tension. 

4. When placed beneath the fascial layer, no serum collections were noted. 
When placed in the subcutaneous tissues, collections are occasionally noted. 

5. Two eases complicated by infection are presented. These healed com- 
pletely without extrusion of the sponge or disruption of the repair after proper 
drainage and antibiotic therapy. 

6. The cases have been followed for periods up to 30 months without any 
recurrence. All operative wounds are soft and asymptomatic. 

7. Early results seem to justify further clinical trial. 

In the past 10 months, Ivalon has been used in an additional 10 eases 
which have required a prosthesis to reinforce the tissues. The early results 
continue to be gratifying, but the follow-up has not been long enough for them 
to be ineluded in this series. 
REFERENCES 
1. Cineotti, J. J., and Harken, D. E.: Personal communication. 


2. Cumberland, V. H.: A Preliminary Report on the Use of Prefabricated Nylon Weave 
in the Repair of Ventral Hernia, M. J. Australia 1: 143, 1952. 























ytuee . IVALON IN REPAIR OF ABDOMINAL WALL HERNIAS 341 
Number 


3. Grindlay, J. H., and Clagett, O. T.: A Plastic Sponge Prosthesis for Use After Pneumo- 
nectomy. Preliminary Report of An Experimental Study, Proc. Staff Meet., Mayo 
Clin. 24: 538, 1949. 

. Grindlay, J. H., and Waugh, J. M.: Plastic Sponge Which Acts as a Framework for 
Living Tissue. Experimental Studies and Preliminary Report of Use to Reinforce 
Abdominal Aneurysms. A. M. A. Arch. Surg. 63: 288, 1951. 

. Lam, C. R., Szilage, D. E., and Puppendahl, M.: Tantalum Gauze in the Repair of 
Large Postoperative Ventral Hernias, Arch. Surg. 57: 235, 1948. 

. Schilling, J. A., Favata, B. V., and Radakovich, M.: Studies of Fibroplasia in Wound 
Healing, Surg., Gynec. & Obst. 96: 143, 1953. 

. Schofield, T. L., Hallenbeck, G. A., Grindlay, J. H., and Baldes, E. J.: Use of Polyvinyl 
Sponge in Repair of Experimentally Produced Defects in the Abdominal Wall, 
A. M. A. Arch. Surg. 68: 191, 1954. 

8. Shumway, N. E., Gliedman, M. L., and Lewis, F. J.: An Experimental Study of the 
Use of Polyvinyl Sponge for Aortic Grafts, Surg., Gynec. & Obst. 100: 703, 1955. 











PRELIMINARY STUDIES ON THE SPONGE-OXYGENATOR 
AN IMPROVED SIMPLE METHOD FOR EXTRACORPOREAL BLOOD OXYGENATION 


ADRIANO BENCINI, M.D., Prer Luiet Paroua, M.D., Giorcio Tiserio, M.D., 
Enrico PETRELLA, M.D., PaoLo FERRABOSCHI, M.D., ALESSANDRO 
AMBROSINI, M.D., AND GIANUGO BosELLI, M.D., MILANO, ITALY 


(From the Center for Heart Surgery, Experimental Laboratory, Surgical Clinic, 
University of Milano* ) 


N the development of an apparatus for extracorporeal circulation, the blood 

oxygenating device is the most difficult problem to be solved. Until now 
many ways have been followed to attain the aim of constructing a safe and 
efficient oxygenator, and some encouraging and praiseworthy results have 
been reached in bloodless open heart operations in man. 

Nevertheless the problem is still open and research for an even more 
perfect method is being continued. We began our experimental studies on 
this subject about 10 years ago, and during this time we have constructed and 
systematically tested on dogs many oxygenators based on the various prin- 
ciples pointed out by other authors and on our ideas.?*** 

Recently 2 of us (A. B. and P. L. P.) have devised and realized a new sys- 
tem, the sponge-oxygenator, which proved to be the most safe and efficient 
we have experimented with to this time. 

In this report we shall not deal with the blood propelling parts of our 
apparatus, because the problem of the pumps may be regarded as a separate 
one. We shall expose only the structural features of the “artificial lung” and 
the first results experimentally obtained with it. 

The true oxygenation device is very simple. It is composed of a methyl 
methacrylate (Lucite; Plexiglas) 13 em. long tube, with a 4 em. internal di- 
ameter, containing a cylindrical piece of polyurethan sponget with large po- 
rosity. This cylinder is 10 em. long and juts out from one end of the tube 
leaving a little unoccupied space at the other extremity (Fig. 1). 

The described device is fixed by simple pressure in the center of a bored 
support through which the venous blood and the oxygen enter the oxygenating 
tube by separate ways; the venous blood enters through 2 lateral channels 
and the oxygen through a long multiperforated needle fixed in a small re- 
newable silicon rubber dise (Fig. 2). All around the central oxygenating 
tube, a deep circular groove acts as a collecting space for the arterialized 
blood; the bottom is inclined toward the outlet hole (Fig. 3). The support 

Received for publication March 19, 1957. 
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Fig. 1. Fig. 2. 


Fig. 1.—The true oxygenating device (on the left dissembled and on the right assembled ) 
formed by the methyl methacrylate tube and the polyurethan sponge cylinder. 

Fig. 2.—The oxygenating tube and the other pieces of the support are shown dissembled. 
At the base of the tube the special bottom is fixed through which the blood enters by way of 
the 2 lateral holes and the oxygen by way of a multiperforated needle to be fixed in the 
central hole. 





Fig. 3. Fig. 4. 


me Fig. 3.—The same components of Fig. 2 assembled by screwing to compose the support 
or the protecting hollow sphere. The outlet arterial hole is visible laterally. 


Fig. 4.—The entire oxygenator. 
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formed by the oxygenating tube and the collecting groove is screwed up t 
the inferior pole of a protecting hollow sphere (25 em. in diameter), the su 
perior pole of which is open to allow gas to escape (Fig. 4). 

The whole apparatus, except the sponge, is made of methyl methacrylate. 

The venous blood enters the inferior part of the tube and rises along it 
mixing with the oxygen in the cavities of the sponge. Thus oxygenated blood 
appears at the superior end of the cylinder and overflows down the collecting 
groove from which it goes to the arterial pump through the outlet channel. 
The upper border of the groove marks the safety level at which the blood is 
maintained by the communicating vessels principle, so that air cannot reach 
the reservoir of the arterial pump. A nylon thread filter is put in the groove. 
Coating of the sponge and nylon thread with an antifoam substance* protects 
against foaming. 

The results of our experimental researches on dogs and the laboratory 
tests with human blood permit us to recognize the substantial advantages of- 
fered by the sponge-oxygenator. 


Blood Oxygenating Capacity.—The oxyhemoglobin saturation obtainable 
by the sponge-oxygenator is very satisfactory and undoubtedly superior to 
the possibilities of all the other methods we have experimentally tested, ex- 
cept the spray system planned about 10 years ago by one of us (A. B.), which 
was revealed adequate in this respect, but much more damaging to the blood 
cells. 

Venous blood takes about 0.5 second to run through the oxygenating 
cylinder (representing the real “artificial lung”) and come out fully saturated 
with oxygen. 

In many experiments in which the blood flow through our apparatus was 
the maximum allowed by our pumps, namely 4,800 ¢.c. per minute, we noticed 
that oxyhemoglobin saturation of blood rose from 57 to 99 per cent on an 
average in a single passage, which is the maximum that can be reached. We 
believe that hemoglobin should be completely saturated even if the blood flow 
would be inereased. 

Hemolysis.——The danger of hemolysis is greatly reduced in the sponge- 
oxygenator. 

Our routine dosages of plasma hemoglobin have given very satisfactory 
results. We report here the average data obtained in in vivo and in vitro ex- 
periments. 

1. In dog blood after one hour of extracorporeal circulation, the plasma 


hemoglobin was determined by the spectrophotometric method to be 30 to 85 
mg. for 100 ¢.e. of blood. 


2. In human blood we have found 110 mg. of plasma hemoglobin in 100 
e.c., after 500 ¢.e. of blood have circulated in closed cireuit for 15 minutes; this 
time corresponds, with regard to the number of passages in the apparatus, to 
several hours of extracorporeal circulation in an adult man. 


*Antifoam A—Dow Corning Co., Midland, Mich, 
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In the animals which survived cardiae surgery with extracorporeal cir- 
culation we have never found any damage imputable to hemolysis. 


Blood Amounts Required to Fill the Apparatus.—The quantity of blood re- 
quired to fill the apparatus before starting is very little (approximately 10 
e.c.) when compared to that required by other types of oxygenators. 

Practically, though not advisable, it is possible, however, to use the ap- 
paratus without having previously filled it with homologous blood. This pos- 
sibility was repeatedly confirmed in large-sized dogs which could easily tol- 
erate the temporary loss of about 200 ¢.c. of blood circulating in the whole 
pump-oxygenator—recording tubes system. 

The flow may be varied withvut blood accumulation in the oxygenator, 
and the maximum capacity of oxygenation is maintained for amounts from 
200 e.e. to 5 L. of blood. 


Foaming.—It could be anticipated that our method would have the dis- 
advantage of foaming in the same measure that the other systems based upon 
direct gas mixing do. We have observed, however, that foaming is a negli- 
gible matter in our apparatus, because the distal end of the oxygenating 
eylinder is not sunk under the blood level, so that the few large bubbles com- 
ing out of the sponge break at onee running down along the outer wall of 
the cylinder itself. Moreover there is a constant level of blood over the outlet 
hole, so that, if some residual foam would persist, it could not reach the ar- 
terial pump. 

Finally, we know that sponge and filters are easily treated with Antifoam. 


Cleaning and Sterilization—It is very important, for an extracorporeal 
circulation apparatus to be easily dissembled for cleaning and sterilization. 

Our apparatus answers these requisites fully. It is easily dissembled and 
can be chemically sterilized. Moreover, the inexpensive cylinder containing 
the sponge can be changed after every experiment. 


SUMMARY 


There is presented herewith a new apparatus for extracorporeal blood 
oxygenation, based on the principle of direct mixing of blood and oxygen in 
the cavities of a plastic sponge. 

We have discussed the efficiency of the method and the advantages of- 
fered by it. 
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THE EFFECT OF CORTISONE ON THE HEALING OF AORTIC 
HOMOGRAFTS 


AN EXPERIMENTAL STUDY 


FRANK J. Krosotu, Jr., M.D.,* Witu1Am H. Barnes, M.D.,** Anpb 
F. Henry Eis, Jr., M.D.,*** RocHEster, MINN. 


HE literature contains considerable information regarding the effect of 

cortisone on the healing process of various tissues. In general one may 
conclude that, in the early phase of repair, cortisone in large doses may have 
a retarding effect on healing. Given time, however, both cortisone-treated and 
nontreated tissues heal equally well. Most investigators working with small 
doses of cortisone simulating clinical doses have not noted any retarding effect 
on the healing of tissues. 

Our interest in this subject was stimulated by a recent patient who had 
been receiving cortisone for an unrelated disease and in whom we failed to 
obtain satisfactory healing of a homograft of the abdominal aorta. This study 
was undertaken to determine whether or not the strength as well as the gross 
and microscopic evidence of healing of aortic homografts in dogs is affected 
by the administration of cortisone. 


MATERIALS AND METHODS 


The segment of abdominal aorta extending from just below the renal arteries 
to just above the trifureation was replaced with a homograft in 46 adult mon- 
grel dogs varying in weight from 13 to 23 Kg. The homografts were taken 
aseptically from donor dogs and stored for not more than 6 weeks in a medium 
containing Ringer’s solution, serum, and Merthiolate.*® The strength of the 
aorta was tested 14 days after placement of the graft in 34 dogs and 7 days 
after placement in 12. The dogs were further divided into 7 groups. Two of 
these groups served as control groups and the other five groups were given 
varying amounts of cortisone over a varying period of days prior to operation 
(Tables I and II). Dogs receiving cortisone preoperatively received it in de- 
creasing amounts postoperatively to prevent any effect of sudden withdrawal. 
Anticoagulants were not used. 

Seven or fourteen days after operation the strength of the grafted seg- 
ment was tested in situ with blood under pressure by means of the apparatus 
shown in Fig. 1. The animal was killed with pentobarbital sodium. The 
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cannula was tied into the aorta above the graft and the aorta was clamped at 
the trifureation without disturbing the grafted segment in its bed. The system 
was then filled with citrated blood and the top of the burette was connecied 
to the mercury manometer. Pressure created by compression of the bulb was 
thereby recorded in millimeters of mereury on the manometer and transmitted 
to the top of the column of blood in the burette. The pressure was increased 
100 mm. Hg each minute until a pressure of 700 mm. Hg was reached or 
until a leak occurred. A decrease of more than 0.2 ¢.c. per minute measured 
in the burette represented a leak. In almost every ease in which a leak oe- 
curred, it did so from one point in the upper or the lower suture line. 





Fig. 1.—Apparatus used in testing the aortic homografts. 


RESULTS 

It was not possible to test 15 of the 46 animals for several reasons. First, 
death occurred in the postoperative period in 4 dogs, one of which was a 
control dog that died of hemorrhage on the thirteenth day. The other 3 had 
received cortisone; 2 of these died of evisceration, and in one of the 2 the 
graft was completely occluded. The third died of undetermined causes. Second, 
technical difficulties, consisting of injury at the site of the graft at the time of 
testing, resulted in our being unable to test one control dog and 3 eortisone- 
treated dogs. Third, complete occlusion of the graft occurred in one control dog 


and 6 cortisone-treated dogs and these were not tested. 
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Fourteen Days After Operation.—Results obtained in the group of dogs 
tested 14 days after operation are shown in Table I. In 6 of the 7 control 
dogs, there was no leakage from the aorta at pressure of 700 mm. Hg. In 
one animal the aorta leaked at 200 mm. Hg. Three dogs treated daily for 3 days 
before operation with 20 mg. of cortisone were tested. In 2 dogs leakage occurred 
at pressures of 200 mm. Hg while the third dog’s aorta withstood a pressure 
- of 700 mm. Hg. Four dogs treated daily for 3 days before operation with 200 mg. 
of cortisone were tested. In only one did leakage occur but not until a pressure 
of 700 mm. Hg was reached. No leakage occurred in 3 dogs tested after 30 
days of preoperative treatment with 5 mg. of cortisone nor in 3 dogs treated 
daily with 50 mg. of cortisone for 30 days before operation. 


TABLE I. TESTED 14 Days AFTER OPERATION 








CORTISONE-TREATED GROUPS 
(DAILY DOSAGE) 

















20 MG. 200 MG. 5 MG. 50 MG. 
CONTROL FOR FOR FOR FOR 
GROUP 3 DAYS 3 DAYS 30 DAYS 30 DAYS 
Dogs 10 7 7 5 5 
Number tested g 3 4 3 3 
Reason for not testing 
Died Sg 2t 1 
Occlusion i 2 1 1 p 
Technical Zz 2 1 
No leak at 700 mm. Hg 6 1 3 3 3 
Leaked: number of dogs and 1 at 200 2 at 200 1 at 700 0 0 


millimeters of mercury 





*Died of hemorrhage. 
{Both died after evisceration; 1 had occlusion. 


The results did not show a significant difference between healing of the 
homograft in the control dogs and in those dogs that received cortisone under 
the conditions of the experiment. 


Seven Days After Operation.—The results in dogs tested 7 days after 
operation are listed in Table II. In 2 of the 6 control dogs, leakage did not 
occur at pressures of 700 mm. Hg. Leakage occurred in the remaining 4 dogs 
at pressures of 200, 400, 500, and 700 mm. Hg, respectively. In 5 dogs treated 
daily for 3 days before operation with 200 mg. of cortisone, leakage did not occur 
in 2 at pressures of 700 mm. Hg, while in the remaining 3, leaks occurred 
at 300, 500, and 700 mm. Hg, respectively. The results in these 2 groups are 
almost identical. 

TABLE II. TESTED 7 DAyS AFTER OPERATION 








CORTISONE-TREATED GROUP 
(DAILY DOSAGE) 








= CONTROL GROUP 200 MG. FOR 3 DAYS 
Dogs 6 6 
Number tested 6 5 
Reason for not testing 1 
" (occlusion ) 
No leak at 700 mm. Hg 2 2 
Leaked: number of 1 at 200 1 at 300 
dogs and millimeters 1 at 400 1 at 500 
of mereury 1 at 500 1 at 700 


1 at 700 
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After the completion of each test, the grafted segment was removed and 
opened and the degree of thrombosis was noted (Table III). There was 
a greater incidence of complete occlusion and moderate grade of thrombosis 
in the animals that had received cortisone. Sections were taken across thie 
lines of anastomosis and stained with hematoxylin and eosin and _ elastie- 
tissue stains. A significant microscopic difference was not noted between the 
healing of the homografts in the control dogs and in the dogs that liad 
received cortisone.* 


TABLE III. DEGREE OF THROMBOSIS IN 45 Docs* 








| CONTROL GROUP | Ss CORTISONE-TREATED GROUP 








Dogs 16 29 
Complete occlusion l 
Moderate 3 
Small 10 
None 2 





*One dog, not included, died on the first day after operation. 


COMMENT 


In the two previous studies on the effect of cortisone on aortie anasto- 
moses” '° in dogs, moderate and large doses of the drug were administered 
2 and 3 days before operation and for 14 days after operation. In our study 
we sought to determine the effect of long-term (30 days) administration of 
cortisone prior to the grafting procedure. As the results show, neither long- 
term nor short-term administration of large doses of cortisone altered the 
bursting strength of the grafts. Muller and associates'® transected and _ re- 
sutured normal aortas but did not note any change in the strength of the 
anastomoses or any gross or microscopic differences in those animals that had 
received cortisone. Barberio and his associates’? studied homografts of the 
abdominal aorta microscopically 8 weeks after operation and noted a decrease 
in fibroblastic activity at the site of the graft with better preservation of 
the muscle cells of the homograft in cortisone-treated animals. 

The number of grafts in the control group that exhibited varying degrees 
of thrombosis in the first 14 days after operation was surprising to us. Con- 
eerning this point, Graham® observed that the degree of thrombosis decreases 
as the time that the graft is in place inereases. Those who have inspected 
erafts 2 months after operation have found thickened plaques in the intima 
which, it is said, represent the end stage of early nonocclusive thrombi. 

Gross observation showed that the degree of thrombosis in our cortisone- 
treated dogs was significantly greater than that in the control dogs. Quantita- 
tive measurements were not made. Berman and associates,? however, did show 
that cortisone increased thrombosis in hamsters. Cosgriff and eo-workers* * 
noted a hypereoagulability of the blood and increased incidence of thrombosis 


in patients receiving cortisone, as did Steinbrocker and his eo-workers.'* This 
is refuted by Russek, Zohman, and Russek'! who did not find any clinically 
significant increase. Hiertonn’ showed that most grafts stored more than 30 


*Dr. Jesse E. Edwards of the Section of Pathologic Anatomy reviewed the slides. 
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days were not living and that they showed a greater tendency toward thrombo- 
sis than those stored for shorter periods. In our study the few grafts stored 
more than 30 days exhibited the same degree of thrombosis as those stored less 
than 30 days. From our data it seems that cortisone may be an agent which 
encouraged increased thrombosis. 

Finally, we observed that the abdominal wounds of the dogs that received 
cortisone did not heal as well as did the wounds in the control dogs. 


SUMMARY AND CONCLUSIONS 


Under the conditions of this study, cortisone did not impair the healing 
of homografts of the abdominal aorta of dogs nor did it affect the incidence of 
thrombosis in the grafts. However, the degree of thrombosis and the size of 
the thrombus formed did appear to be greater in dogs that had received cortisone. 
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AGENESIS OF THE AORTIC ISTHMUS 


A CAsE Report, DIscussiON OF DIFFERENT FActTorS, AND RECLASSIFICA'TION 
OF COARCTATIONS 


Kk. L. Marston, M.D., H. H. BrapsHaw, M.D., ANp Jesse Hl. Merepiri, M.)., 
WINSTON-SALEM, N. C. 


(From the Department of Surgery, Bowman Gray School of Medicine of Wake Forest College) 


GENESIS of the aortie isthmus is rare and early death is the rule. The 
patient whose case is reported here lived to the unusual age of 16 years 
with a complete isthmal agenesis (absence of the aortie arch between the left 
subelavian artery and the site of the ductus), a patent ductus becoming the 
descending thoracie aorta, and a systemie right ventricle functioning through 
a high interventricular septal defect and the ductus (Fig. 1). In the avail- 
able literature 2 patients with identical cases are described: Sewart’s®! dying 
45 hours, 50 minutes following birth, and Kjellberg’s and his associates’,' 
aged 10 years, dying of heart failure 7 days following resection and grafting. 


CASE REPORT 


A 16-year-old white boy was referred because of heart trouble since birth. At birth 
he was somewhat cyanotic and when he was’9 months of age, a sudden, severe bout of 
cyanosis was treated with digitalis. During infancy and childhood exertional cyanosis was 
present. As he matured he noted exertional palpitation, a dull precordial ache, dyspnea, 
mild fingernail cyanosis, easy fatigability, infrequent epistaxis, headaches, and aching in 
his legs. These symptoms subsided with rest. 

There was no history of ankle edema, orthopnea, or paroxysmal nocturnal dyspnea. 
He had frequent respiratory infections with pneumonia at the age of 6 years, Three 
years before admission the digitalis was discontinued without evident ill effect and he was 
advised to enter a hospital for correction of a narrowed blood vessel. This was initially 
refused, but, because his symptoms persisted, he eventually entered the hospital. 

Physical Examination.—Blood pressures were as follows: right arm, 220/90-60; left 
arm, 210/90-80; right leg, 130/80; left leg, 125/80. The pulse rate was 100 and respira- 
tions 28 per minute, oral temperature was 98.8° F, (37° C.), weight 131 pounds (59.6 Kg.), 
and height 68 inches (170 em.). He was well developed and in no distress. Fundoscopy 
showed an increased A-V ratio, minimal nicking, increased tortuosity, and segmental ar- 
teriolar narrowing. There was a vigorous, apical, cardiac heave in the sixth intercostal 
space at the anterior axillary line, and a precordial thrill with systolic accentuation was 
present. An apical, coarse, rough, grade 4-5 systolic murmur was transmitted to the neck 
with a questionable, early diastolic phase. A bruit was heard over the scapular vessels 
but the scapular and intercostal vessels were not palpable. The lower extremities were 
slightly underdeveloped with palpable, but weakened, arterial pulsations. A distinet color 
difference between upper and lower extremities was not evident. Osteoarthropathy and 


edema were absent. 


This investigation was supported by Traineeship No. 579 from the National Heart 
Institutes of Health, Public Health Service. The Department of Pathology supplied the 
pathologic material. The catheterization studies were performed by Dr. C. Glenn Sawyer, 
Department of Internal Medicine. 

Received for publication Sept. 4, 1956. 
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Laboratory findings: Normal urinalysis; hemoglobin 15.5 Gm. per cent, hematocrit 
46 per cent, white cells 9,200 per cubic millimeter with a normal differential cell count. 
The arm to tongue circulation time was 57 seconds, and the arm to lung, 12 seconds. A 
serologie test for syphilis was negative. 


X-ray and fluoroscopic examination: These showed the heart diffusely enlarged (CT 
ratio 17/28 em.). The aortic knob was not visualized and the pulmonary silhouette was 
prominent with increased hilar and peripheral vascular markings. <A hilar dance was 


absent. 

Multiple electrocardiographic leads: These presented a normal sinus rhythm with 
right ventricular hypertrophy. The PR interval was 0.18; QRS, 0.10; P-1 notched, 2 high, 
AVL inverted, and V-1 diphasic; S-1, 2, 3, AVL were deep; T-2, 3, AVL, AVF, V-3, and 
V-4 were high. 

Cardiac catheterization findings: These are summarized in Table I. As the catheter 
entered the right ventricle, a supraventricular tachycardia developed and persisted for 
several minutes, The catheter was withdrawn and the procedure discontinued. Right 
ventricular hypertension was present, No right ventricular or pulmonary blood samples 
were obtained, but there was no evidence of an interatrial shunt. 


TABLE I. CARDIAC CATHETERIZATION FINDINGS 








Blood oxygen contents in vol./% 
Radial artery at rest 19.71] ee 
Femoral ie at rest 19.44 > 
Right midatrium 13.76 
Superior vena cava 13.70 

Vascular pressures in mm. 

Right atrium mean pressure 4. 
Radial artery at rest (S/D) 195/115 
Femoral artery at rest (S/D) 105/70 
Right ventricle (S/D) 95/0 

A-V difference 6.01 vol./% 
Stroke output 60 ee./beat 
Cardiae output 5.6 L./min. 











Surgical correction: Surgical correction was considered advisable. On Sept. 2, 1955, 
a left thoracotomy was performed. During the chest wall and mediastinal dissection, 
many large, dilated collateral vessels were encountered. In the mediastinum an artery 
arose at the base of the heart, anterolateral to an apparent left subclavian artery, coursed 
posteriorly, and descended into the thoracie aorta. A 3 em. long, narrowed area at the 
arch was considered to be a coarctation. Subsequent dissection of the proximal portion 
uncovered another vessel entering the left lung hilus. It was difficult to identify this as 
a pulmonary artery or a ductus arteriosus. The arch was freed by division of several 
intercostal vessels, Clamps were applied proximal to the ductus and distal to the coarcta- 
tion and the ecoareted site was divided. The anesthetist then noted marked cyanosis and 
the proximal clamp was removed. Within seconds ventricular fibrillation appeared and 
despite defibrillating measures, a normal sinus rhythm was not resumed and the patient 
died. 

Post-mortem examination: Post-mortem examination was confined to the chest 
through the original incision. The heart weighed 800 Gm. with the following circum- 
ferential measurements; tricuspid valve, 9.5 em.; pulmonic valve, 8.4 em.; mitral valve, 
9.9 em.; aortie valve 5.8 em., and the aorta 5 em. distal to its valve, 4.7 em. The right 
ventricular wall was 1.0 to 1.7 em. thick and the left ventricular wall, 2.0 to 2.3 em.; the 
interventricular septum, 1.4 em, 

A previously surgically divided ductus arteriosus arose at the junction of the left 
and main pulmonary arteries. The ductus, 0.4 em, in diameter at its origin, passed su- 
periorly and posteriorly to become the descending thoracic aorta. A postductal aortic 














IvC -SVC: vena covoe PSD: Post-Stenotic Dilatation 
RA-LA: Auricles OTA: Descending Thoracic Aorta 
RV-LYV: Ventricles AA: Ascending Aorta 

PA: Pulmonary Artery RSC-LSC: Subclovian Arteries 
PDA: Patent Ductus RCC-LCC: Common Coarotids 
PV: Pulmonary Veins Al: Aplastic Aortic Isthmus 


1. 


A. B. 


Fig. 2.—A, Right ventricle; B, left ventricle. Legend: RA—right auricle, TV—tricuspid 
valve, [VSD—interventricular septal defect, [VS—interventricular septum, RV—right ventricle, 
P A—pulmonary artery, JL—jet lesion on lateral RV wall and on ML, LV—left ventricle, 
MI.—mitral valve, AV—aortic valve. and AA—ascending aorta. Beneath the arrow in the 
LV and just below the IVSD is a blind endocardial pouch. 
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dilatation was present without a jet lesion, The aortic isthmus was absent. A remnant 
of the isthmus, measuring 5 by 1 by 1 mm. (Fig. 1), was present on the inferior surface 
of the hypoplastic transverse arch. This arch became the left subclavian artery. A 1 em. 
square, high, membranous, interventricular septal defect was present with a jet lesion on 
the corresponding right ventricular wall (Fig. 2). The cardiac valves were not unusual 
anil no vegetations were present. The auricles were of equal size and not enlarged. The 
coronary vessels were normal. 


Microscopic findings: The ventricular myocardial fibers were hypertrophied. At the 
ventricular jet site, the endocardium was thickened by fibrous, hyalinized, and elastic 
tissue. The ductal intima was thickened by hyalinized connective tissue and its elastic 
fibers were thinned and partially fragmented. The smaller pulmonary arteries and ar- 
terioles demonstrated both medial hypertrophy and intimal thickening without thrombi. 

This circulation was an intracardiac left-to-right shunt and an extracardiac right- 
to-left shunt. The head and shoulder girdle zones were supplied by the ascending and 
transverse aorta. 


DISCUSSION 


Congenital cardiac anomalies vary from 1 (18) to 5 per cent (31) of 
necropsy studies. Adult coarctations occur once in every 4,000 necropsies.*® *° 
They are more common in men and the oldest reported case was 92 years of 
age.°° The most commonly associated defect with adult coarctation is a bi- 
cuspid aortic valve. Poststenotie dilatations are frequently encountered and 
aneurysms distal to the coarctation may be present in 8 per cent of cases.*” 

Coarctation of the aorta has an associated patent ductus in 5.7 to 13 per 
cent of cases.17 °° The prognosis with the so-called infantile coarctations has 
been considered quite grave and to be associated with other serious anomalies, 
in contrast to the more benign anomalies associated with the adult coarcta- 
tions. However, only 10 to 27 per cent of infantile coarctations have been re- 
ported as having other serious, associated anomalies.‘t As a general rule, the 
older a patient with any congenital heart defect becomes, the less serious and 
extensive are any associated defects. 

The patent ductus is abnormal after the sixth week of neonatal life?*? and 
the majority are in women; the oldest reported case is 75 years old.2® Pa- 
tients with associated coarctation and patent ductus usually have an early 
postnatal death, due to normal closure of the ductus with inadequate col- 
laterals to supply the subsequently aorta-excluded body. The ease under dis- 
cussion fulfilled Taussig’s explanation®®* that with aortic hypoplasia and a 
small ductus (the ductus in this case was coareted), an intrauterine stimulus 
was present to initiate collateral formation. 

Others® 7 1% °° explained that collaterals developed depending on the site 
of the coarctation in relation to the ductus, that is, distal, proximal, or op- 
posite to the ductus’ aortic opening. The presented patient did have adequate 
collaterals, as confirmed by the 96 per cent oxygen saturations in both radial 
and femoral arteries. Kjellberg’s case** had only a slight decrease in oxygen 
content in the descending aorta. 

Intermittent neonatal cyanosis due to inadequacy of collaterals at birth 
indicates that these vessels require further development and dilatation to 
maintain nutrition distal to the aortic agenesis. Aortic collaterals may also 
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develop because blood mechanically creates escape channels for egress frei) 
the hypertensive aortic arch into the hypotensive abdominal and lower ¢x- 
tremity areas. 

The exact incidence of aortic isthmal agenesis is not known. Abbott 
reported 9 apparent cases in 1,000 selected patients, an incidence probally 
higher than ordinarily anticipated. Hamburger*® found only 14 aortic arch 
interruptions in the literature between 1812 and 1937. Others have been re- 















ported (vide infra). 






ETIOLOGY 








Bremer,'* following the Skodiae theory of Craige, considered adult co- 
aretations to be the faulty result of normal ductal closure with abnormal ex- 
tension of fibrosis into the aorta. This concept cannot explain coarctations of 
the lower thoracic** and abdominal aorta,*® ** coarctations with a widely pate nt 
duetus arteriosus, or multiple, simultaneous aortic arch coarctations.' » 36, 40 

Abbott? believed the adult coarctation had developed by the eighth week 
of gestation. The adult heart structure has developed in the preceding 5 
weeks and the fetal dorsal aortas are fused at the fifth week.'® Mayeoek* 
proposed that abdominal coarctations are due to malfusion of the 2 primitive 
dorsal aortas. 

Infantile forms, isthmal hypoplasias, and isthmal aplasias (agenesis) were 
explained by Bremer’? as “relative stagnation” of the aortie arch blood volume 
during the time of fetal circulation. A shunt is then present via the ductus 
arteriosus to the inferior body parts, the ascending aorta supplying the su- 
perior body parts. The isthmal segment, thereby, transports little blood, has 
an expendable function, and undergoes either gradual growth, or, with a more 
decreased flow, hypoplasia, atrophy, or even obliteration. 

Gaspar®° explained aortie arch absence as a lack of embryonic formation 
of the fourth aortie arch, a theory proposed by Reynaud in 1828.°° 

A popular argument for the postnatal (acquired) theory of coarctation is 
the sparsity of necropsy data on premature, stillborn,?* and immediate neo- 
natal infants with a recognizable coarctation of the aorta. The necropsy files 
of the N. C. Baptist Hospital contain 6 such eases. Other cases are re- 
ported.” ** 87 No report of any deliberate investigation for coarctation of the 
aorta in the human embryo has appeared, though Bremer! investigated 
lated phenomena in rats. 

























SIMILAR CASES 










The presented case falls into Evan’s Class 4 (vide infra). One of Evan’s 
eases lived 2 days and resembled this patient.2* Edwards?® presented a case 
with agenesis between the left subelavian and left common earotid arteries 
with an interventricular septal defect. 

In reviewing Abbott’s atretie aortie cases,” * 6 cases with multiple anom- 
alies were presented. Their average life was one year; the oldest was 5!2 
years. She also noted 3 eases of absence of the aortic arch® with other as- 
sociated, multiple anomalies. 
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Taussig*®®” described the circulation in atrioventricularis communis, absent 
aortic isthmus, with the patent ductus as the descending thoracie aorta but 
presented no clinical case. 

Gaspar’? reported a 6-month-old infant with complete aortie atresia be- 
tween the left common carotid and a patent ductus, the latter giving off the 
left subelavian artery and the ductus forming the descending thoracic aorta. 

Other cases of aplastic aortic arches have been reported,* ** % 4% 4% °° 
et vide infra byt no attempt has been made to collect all cases where dissimilar 
defects were present. Others® ° ® 14 15 92, 4% 43 reported functionally similar 
but anatomically dissimilar anomalies. Edwards®? remarked that subaortie 
stenosis is commonly associated with aortic arch interruptions and ventricular 
septal defects but subaortie stenosis was absent in the case presented. 

A marked anatomic discrepancy can actually exist between these types 
of defects, yet retain a remarkable functional similarity. 


TREATMENT 

Pure coarctation has no age restriction per se. Baronofsky and Adams‘ 
have reported infants 2 and 6 weeks old and Kirklin and associates,’ a 10- 
week-old infant, all successfully resected. 

Surgery is usually undertaken for correction of coarctation of the aorta 
toward the end of the first decade of life. The fourth deeade, with qualifiea- 
tions, is accepted as the upper age limit for resection. Advanced vascular 
sclerosis can be a problem by the end of the second decade of life and even 
prohibit surgical repair. 

When heart failure supervenes from associated patent ductus, interven- 
tricular defect, or endocardial fibrosis, surgical intervention can still be 
curative. Taussig®’ recommended surgery in coarctation associated with a 
patent ductus if aortic insufficiency or intractable cardiae failure developed 
that did not respond to digitalis therapy. O’Sullivan and Glenn**’ have had 
equivocal results in aortie insufficiency associated with surgically treated 
coarctation patients. 

Conduction defects may occasionally be relieved by surgery, but in in- 
fants with coarctation a left bundle branch block or left ventricular hyper- 
trophy is much more serious than right ventricular involvement. Left ven- 
tricular hypertrophy has been thought at times to become irreversible, despite 
surgery.?? 

Burford? also included recovery from a previous cerebrovascular acci- 
dent as a strong argument for surgical correction of aortic coarctation. Ap- 
proximately 6 per cent of patients with adult coarctations have an associated 
cerebral aneurysm*! and the reduction of pressure in these aneurysms should 
decrease their incidence of rupture. 

Douglas and associates? and Ellis and his co-workers®® have indicated the 
importanee of evaluating pulmonary hypertension and medial arterial hyper- 
trophy in these eases. Surgery might be contraindicated if long-standing 
pulmonary hypertension has been present. Swan and associates presented a 
case of associated patent ductus and complete membranous aortie coarctation 
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that died in right heart failure immediately following division and ligation 
of the ductus. This death, he proposed, was due to rerouting blood into the 
pulmonary vascular bed where moderate vascular changes were already pres- 


ent, and right heart failure ensued. 

One solution might be a frozen section examination of a pulmonary 
biopsy at thoracotomy, particularly when catheterization data is lacking. A 
second method might be the use of direct pressure readings during surgery. 
If a right to left shunt is present, gradual ductal occlusion (subtotal ligation 
and wrapping with activated polyethylene) has been suggested and _ per- 
formed.* 

Depending on the circumstance and anomaly present, hypothermia, hypo- 
tensive anesthesia, or an extracorporeal circulatory apparatus can be used 
as an aid in the surgery of these defects. 

Surgical repair consists of the following methods: (1) ligation and 
division of the ductus with either direct aortic anastomosis or suturing the 
distal ductus to the proximal aorta after division of both; (2) turning down 
the subelavian artery (if present); (8) by insertion of a homograft or plasto- 
graft between the common earotid or subclavian artery and the descending 
thoracic aorta. Temporary shunting tubes may be required. 

Kjellberg and his co-workers,*® Chamberlain,’® Swan and associates,°° 
Dorney,”° and Shumacker*? have reported similar cases undergoing surgery. 
Chamberlain successfully inserted a homograft between the left common 
carotid and the descending aorta in an extraordinary arch agenesis with a 
most satisfactory result, apparently the first case of its kind treated success- 
fully. Dorney’s patient? showed an absence of the aortie arch, a hypoplastic 
ascending aorta that terminated as the right common earotid. No surgical 
correction was attempted. Shumacker®*? ** reported an isthmal agenesis with 
a patent ductus without other associated defects treated by a subelavian 
autograft to the divided ductus with a successful outcome. 

Gross** remarked that a high, small arch deep in the mediastinum (such 
as Dorney’s case) might technically prohibit surgical relief. With the newer 
technical methods available, this should not be an unsurmountable problem. 
In the patient presented here, either a graft or turning down the left sub- 
clavian would have been technically possible. 


CLASSIFICATION 


Bonnet’® originally classified coarctation of the aorta as follows: (1) in- 
fantile type, the aortic stricture lies between the left subclavian artery and the 
ductus (ligamentum) arteriosus; (2) adult type, the coarctation lies at or just 
beyond the ductus (ligamentum) arteriosus; (3) reversed type, the adult 
form is present in infants or the infantile form is present in adults; and 
(4) irregular type, all other forms. 

Evans?’ classified aortic hypoplasias and atresias into 6 groups, depend- 
ing on the site of the atresia and the more important accompanying anomalies: 
(1) eongenital stenosis of the aortie arch, hypoplasia of the proximal aorta 
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and patent ductus arteriosus (8 cases); (2) congenital stenosis of the aortic 
arch, hypertrophy of the proximal aorta, and closed ductus arteriosus (10 
eases); (3) congenital atresia of the distal aortic arch, hypertrophy of the 
proximal aorta and closed ductus arteriosus (1 case) ; (4) interruption of the 
distal aortic arch, hypoplasia of the proximal arch, patent ductus arteriosus 
(3 eases); (5) congenital atresia of the proximal arch, patent ductus arteri- 
osus (5 eases) ; and (6) congenital absence of the aorta (1 ease). 

An understanding of patent ductus types is essential to understanding 
any coarctation classification. Edwards” classified patent ductus into 4 types: 
(1) eylindrical (uniform diameter throughout); (2) funnel (conical); (3) 
window (mere fistula between the aorta and left pulmonary artery) ; and (4) 
aneurysmal (rare). Jager and associates** described a type rarely encoun- 
tered, incomplete (closed at one end only). N. C. Baptist Hospital’s necropsy 
files contain similar cases and other eases are reported elsewhere." *4 

Johnson and co-workers*® proposed a coarctation classification as follows: 
(1) duetus arteriosus closed and (2) ductus arteriosus open. In the latter 
group (2) are: (a) proximal to and (b) distal to the coarctation. They 
stressed the presence of collaterals in this classification. Ellis and co-workers” 
suggested the following: (1) relative position of the coaretation to the ductus 
arteriosus and (2) the patency of the ductus arteriosus. 


Others® 7 1) 1% 24 27, 4% 43, 49 proposed classifications, some stressing one of 
the following: (1) degree of collateral formation, (2) the site of origin of 


the left subelavian artery, and (3) the degree of aortie constriction. Lev** 
divided coarctation into (1) infantile, (2) adult, and (3) transitional types. 
Frequently, the terms infantile and adult are omitted in these classifications. 
The recent College of Chest Physician’s Subcommittee Questionnaire divided 
coaretations into preductal (infantile) and postduectal (adult) types, as 
Calodney did.‘ Blumenthal’ called the adult a compensated and the infantile 
an uncompensated coarctation. 

An attempt is made here to present a simple classification of coarctation 
of the aorta (Fig. 3). It is based upon the type of circulation, fetal or adult, 
which is present. It retains the historically accepted terminology of adult 
and infantile, but expresses these classes in terms of topical anatomy and the 
maturity of the particular circulation that is present. They are: Class 1, 
adult coaretation, absence of the fetal (duetal) circulation; Class 2, in- 
fantile coarctation, the persistence of the fetal (ductal) circulation; Class 3, 
variant forms, those not fitting into the above classes (any of the anatomic 
adult forms may exist in the infantile type, such as, funnel, window, and 
double) ; Class 4, arch anomalies, included because of their close funetional 
kinship with coarctation of the aorta. 

The importance of collaterals and the location of the subelavian arteries 
are realized, but separate inclusion into any comprehensive chart would entail 
cumbersome duplication. The site of the subclavian arteries does not, in 
actuality, define the type of coarctation that is present. Their position ean 
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be noted in the subtitle after each specific anomaly’s immediate characteriza- 
tion, such as, coarctation, adult, complete, collaterals, moderate, right sub- 
elavian infrastenotic, or coaretation, infantile, preductal (patency 30° per 
cent), collaterals minimal, left subclavian prestenotie. 


and highly individualistic data, such as, interventricular 


Then may follow any 
other associated 
septal defect and mitral atresia. 

Tubular forms in certain circumstances must be considered as hypoplastic 
Class 4 
aplastic arches are not aortic coaretations but are arch (branchial) anomalies. 


arch anomalies and not as coarctations, a point stressed by Cautley.*®° 
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ADJUVANT DATA: 
With or without collaterals. 
. Site of subclovions. 


Lumenal potency (coarctation and ductus), e.g. 
50%, 25%, probe. 


With or without aneurysms, dilatations. 


Associated anomalies (hypertrophies, hypoplasios, 
intracardiac anomalies). 
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Fig. 3. 





A eonsistent classification form is becoming more necessary as the elinical 
approach to these anomalies increases and more unusual cases are reported. 
With the present voluminous (and confusing) literature, source material is 
frequently vaguely defined by title. This proposed classification allows flexi- 
bility and still retains the specific features of the anomaly, anatomically as 
well as funetionally. 

SUMMARY 

1. The case of a 16-year-old boy is presented with agenesis of the aortic 

isthmus, patent ductus arteriosus persisting as the descending thoracic aorta, 
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interventricular defect, systemic right ventricle, biventricular hypertrophy, 
pulmonary arteriolar hypertrophy, and a marked systemic collateral circula- 


tion. 

2. Factors are discussed regarding similar anomalies reported in the litera- 
ture, their etiology, and therapy. 

3. A chart is presented for classification of coarctations and their associ- 
ated anomalies, based on fundamental anatomic and functional characteristies. 


We wish to thank Dr. C. Glenn Sawyer for aid in the preparation of this manuscript. 


ADDENDUM 


Since submission of this paper a fourth patient with these particular defects has been 
recorded (Merrill, Duane L., Webster, Charles A., and Samson, Paul C.: Congenital Absence 
of the Aortic Isthmus, Report of a Case With Successful Surgical Repair, J. Thoracic Surg. 
33: 311, 1957). 
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REPEATED AORTIC SADDLE EMBOLECTOMY WITH SUCCESS 


GEORGE I. THomas, M.D.,* Davin I. Dituarp, M.D.,** Anp 
K. ALVIN MERENDINO, M.D., SEATTLE, WASH. 


(From the Department of Surgery, University of Washington School of Medicine, and thi 
Surgical Service, King County Hospital) 


ADDLE aortic embolism represents from 5 to 10 per cent of all peripheral 

emboli in patients subjected to single or repeated embolization and con- 
stitutes a serious problem in surgical therapy because of the poor prognosis 
of the basic cardiovascular disease present. That one individual with rheu- 
matic heart disease, mitral stenosis, atrial fibrillation, and mild congestive 
failure should occlude her aortic bifurcation twice and have repeated 
major vessel surgery with resultant success is unusual and is also illustrative 
of certain technical aspects in the maintenance of peripheral circulation to 
the legs. 

Review of the current literature did not reveal a report of repeated aortic 
embolectomy either of successful or unsuccessful outcome. Sehmitz and Har- 
kins® (1953), in reporting a case of repeated successful femoral embolectomy, 
mentioned the merits of diligent efforts to re-establish peripheral circulation 
by embolectomy when repeated embolization to the same vessel occurs. They 
also reviewed the literature on the subject of repeated embolectomy. 


CASE REPORT 


J. H., a 67-year-old woman, was admitted to the King County Hospital on Dee, 26, 
1954, with a 4-hour history of lower abdominal and leg pain of sudden onset associated 
with motor weakness, Lack of pulses below the umbilicus, hypesthesia, coolness, and 
mottling below the thighs confirmed the diagnosis of saddle occlusion of the aortic bi- 
furcation, probably due to embolism. Her previous health had been fair with known atrial 
fibrillation of one year’s duration treated with digitoxin, 0.1 mg. daily. There had been 
no major complaints previously referable to the lower extremities or cardiorespiratory 
system, and no history suggestive of rheumatic fever. 

Physical examination disclosed a thin, but alert elderly patient. Blood pressure was 
140/90 and pulse was 84, grossly irregular, and characteristic of atrial fibrillation, Lungs 
were clear. Heart size was normal with a faint, poorly defined diastolic murmur at the 
apex. A, equalled P,; there was no accentuation of M,. 


Laboratory Data.—Hematocrit, 39; white blood count, 8,250; urine, specific gravity 
1,020; albumin, trace; stool, guaiac positive; and blood clotting time, 8 minutes. Electro 
cardiogram revealed (1) atrial fibrillation, (2) low voltage with numerous premature ve" 
tricular contractions, (3) T and ST wave changes compatible with arteriosclerotic heart 
disease with a mild degree of coronary insufficiency, and (4) no evidence of recent 0! 


Ol 


old infarets. 
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Shortly after admission, the patient showed evidence of some return of motor power 
to the legs plus a slight increase in temperature and color. Bilateral lumbovertebral blocks 
with 2 per cent Xylocaine were done without noticeable improvement. Sixteen hours fol- 
lowing admission, decision to operate was made on the basis of return of grayish-white 
pallor, reduced temperature, and increasing sensation loss. The prothrombin time was 
37 per cent, the patient having received 250 mg. of Dicumarol shortly after admission. 
Vitamin K, 20 mg., was administered intramuscularly before operation. 

First Embolectomy.—Under continuous caudal anesthesia with 2 per cent Xylocaine, 
the patient was explored through a lower midline incision. Aortic pulsations were present 
down to within 1 inch of the bifurcation where a firm saddle embolus was present, ex- 
tending 2 em, into each common iliac vessel, Proximal and distal soft rubber tubing 
ligatures were positioned for hemostasis, Atherosclerotic disease of the iliac vessels was 
evident and the arteriotomy sites were carefully selected to avoid disturbing the more 
obvious ealeifie plaques. A 1.5 em. incision was made in the first portion of the right 
common iliae artery. Being able to evacuate only part of the embolus, we made a second 
incision into the left common iliac, Dark, clotted material was removed after irrigations 
with a Fr. 14 catheter and was followed by profuse blood flow from both the proximal 
and distal portions of the vessel. With pulsations re-established, 100 mg. of heparin in 
100 ¢.c. saline were injected into the distal vessels and the vessel wounds were closed with 
continuous 5-0 silk. Femoral pulsations were present following operation. Continuous 
caudal anesthesia was maintained for 48 hours to permit as much vasodilation to occur 
as possible. Convalescence was uneventful; the patient was walking in 3 days and dis- 
charged to the outpatient department in 6 days. At this time, bilateral femoral pulses 
were good, popliteal pulsations were faint but present, and there was a fair left posterior 
tibial pulse. The other pulses were absent. A patch of hypesthesia 3 inches above and 
below the right knee persisted. She was seen 2 weeks following discharge at which time 
she complained of generalized lower extremity weakness and cool feet. The left posterior 
tibial pulse was not felt at this time. 


Second Admission.—On April 9, 1955, the patient was again admitted complaining 
of cramping abdominal pain of 2 days’ duration, A diagnosis of small bowel obstruction 
was made and confirmed at laparotomy where multiple adhesive bands in the region of the 
ileocecal valve were found and divided. The appendix was removed. At this time, the 
aorta, iliac and femoral vessels were pulsating vigorously. On the third postoperative 
day, the patient again experienced sudden onset of bilateral hip, thigh, and leg pain, fol- 
lowed by numbness and partial paralysis of these extremities. Both legs showed mottling 
of color and coolness up to and including the lower portions of the abdominal wall. No 
pulsation below the umbilicus could be elicited. 


Second Embolectomy.—Exploration under general anesthesia revealed a saddle em- 
bolus at the bifurcation with both common iliac vessels pulseless. The size, configuration, 
and position of this second occlusive embolus was similar to the first. The right common 
iliac artery was again opened 1 em. distal to the bifurcation after appropriate control tapes 
were applied. Small portions of firm dark clot were removed but incompletely. A 1 em. 
longitudinal incision was therefore made on the anterior surface of the aorta immediately 
over the clot. A large embolus was removed followed by free flow of blood under high 
pressure. On completing the abdominal closure, the right femoral pulse was noted to be 
absent. Attempt was made to remove a fresh but firm clot from the common femoral 
artery through a femoral exploration. This was unsuccessful since it originated higher 
up. The abdomen was immediately re-explored. From 2 cm. distal to the bifureation, the 
right common iliac was filled with firm clot and was pulseless, A 3 em, arteriotomy in- 
cision was then made over the clot and the clot was extirpated with ease. After thorough 
vatheter irrigations, the wound was closed and circulation was re-established, 

At 7:30 p.M., 4 hours after return to the ward, the right femoral artery pulse was 
again noted to be absent. The femoral incision was reopened revealing a clotted, pulse- 
less vessel. Irrigation with small French catheters removed dark, fragmented clots as 
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far as the external iliac vessel. Proximal blood flow was normal, but the distal femor: 
flow was sluggish, A No. 8 ureteral catheter was inserted in the superficial femoral artery 
and passed to the ankle. On withdrawing the catheter, a long 10 cm. thrombus was re- 
moved, followed by good retrograde flow. At this time, 100 mg. of heparin in 100 c.c. of 
saline were instilled into the proximal and distal vessel and 50 mg. were given intra- 
venously. Two thousand ecubie centimeters of blood were administered during the three pro- 
cedures associated with the second embolectomy. On the next day, a 150 c¢.c. hematoma was 
drained from the right femoral wound. Additional heparin was given during the next several 
days intravenously in 6-hour doses dependent on the clotting time. The clotting time was main. 
tained between 20 to 30 minutes. The patient continued to recover with good femoral pulses 
during the remainder of her hospital stay. 

Attempts at converting the atrial fibrillation to a normal rhythm were made without 
success on two occasions with quinidine sulphate. Dicumarol therapy was started on the 
third postoperative day with levels maintained at 5 to 20 per cent (Quick Method) with 
25 to 50 mg. per day. Her convalescence was progressive, and she was discharged on the 
twenty-sixth postoperative day. 

Following discharge, she was maintained on Dicumarol therapy as an outpatient. 
From June, 1955, to March, 1957, the prothrombin levels have fluctuated from 5 to 33 per 
cent, averaging 18 per cent. No further embolization has occurred. Her cardiac status 
remains unchanged, handled therapeutically with 0.1 mg. of digitoxin daily and a low 
sodium diet. She is fully ambulatory, is restricted to some degree by low extremity weak- 
ness, but works daily in her home and garden without claudication of her legs. Her 
femoral pulses are good. No pulsations can be felt in the popliteal vessels or dorsalis pedis 
vessels. A faint right posterior tibial pulsation is present. 


COMMENT 


When one is faced with repeated embolization to the same vessel or other 
major peripheral vessels, embolectomy is indicated unless the situation is hope- 
less or the desperate condition of the patient precludes any reasonable chance 
for surgical benefit. The fact that previous surgery to a vessel has been ear- 
ried out changes in no way the indication for operative intervention. More 
important in the management of these patients who repeatedly embolize pe- 
ripheral vessels is the strong evidence supporting the therapeutic regimen of 
long-term anticoagulant therapy, particularly in those patients with rheumatie 
heart disease, mitral stenosis, and atrial fibrillation.t * ** The ease of con- 
trolling effective prothrombin levels without serious difficulty is exemplified 
in this patient who now has been on Diecumarol medication for 20 months. 
Had she been treated with anticoagulants following her first embolectomy, 
the repeat episode might have been prevented. While embolization does oc- 
eur despite adequate anticoagulant levels, it is interesting to note that in some 
cases reported, the recurrence has oceurred in a matter of days or from 1 to 2 


months. ** Though speculative, it is conceivable that if it is the propagated 


portion of a mural thrombus which detaches itself into the cireulation, incom- 
plete detachment or irregular shedding of soft clot would lead to repeated 
showering of emboli regardless of the ineoagulability of the blood. On the 
other hand, complete separation of soft propagated thrombus, giving rise to 
a single embolic bolus and leaving behind a firm mural thrombotic plaque, 
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might well be controlled indefinitely without further propagation with ade- 
quate anticoagulant levels. It is in this type of thrombotic process that Di- 
cumarol therapy will most likely benefit the patient in the prevention of em- 
bolie disease. 

After the patient’s second embolectomy and failure to convert the atrial 
fibrillation to normal sinus rhythm, left auricular appendectomy was con- 
sidered but not carried out. The pathologie findings from autopsies of cases 
with repeated emboli have quantitated the potential success for this procedure. 
Only 20 to 50 per cent of mural thrombi present in the left side of the heart 
are located as solitary thrombi in the left atrial appendage.*:? The remaining 
50 to 80 per cent are located in the left atrium or left ventricle alone or exist 
together with an appendage thrombus. Complete ablation of all potential 
thrombi, in the latter cireumstanee, may be incomplete by simple auricular 
appendage excision. Furthermore, unanticipated mitral valve surgery at some 
later date would be complicated by this procedure. 

Persistent operative exploration by the surgeon (D. H. D.) in the second 
procedure was rewarding to the patient. The error in assuming that pulsation 
lack or loss following operation is due to vessel spasm was avoided. The 
crippling amputation rate of some earlier series more than likely represented 
failure to prevent passage or to remove thromboembolic residue after ar- 
teriotomy. Close observation and frequent determinations of the presence or 
absenee of femoral pulsations in the early postoperative period after aortic 
embolectomy is strongly urged. 


SUMMARY 


1. A ease report of repeated embolectomy for saddle embolus of the ab- 
dominal aorta with suecessful re-establishment of peripheral circulation is 
presented. 

2. Transabdominal approach on both occasions and persistent exploration 
of pulseless vessels following the initial arteriotomy resulted in survival and 
an ambulatory patient. 

3. Indefinite long-term anticoagulant therapy appears to be valuable in 
the prevention of repeated embolization. 
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INTERNAL SUPRAVESICAL HERNIA 
REPORT OF THE First SUCCESSFUL OPERATIVE REPAIR OF THE INTRAVESICAL TypE 
JoHN L. Sawyers, M.D., AND Sam E. STEPHENSON, Jr., M.D., NASHVILLE, TENN. 


(From the Department of Surgery, Vanderbilt University School of Medicine and Vanderbilt 
University Hospital) 


A REVIEW of the literature reveals only one authenticated case of internal 
supravesical hernia of the intravesical type. This is a report of two addi- 
tional cases, the first of such to be successfully repaired. 

A supravesical hernia is a hernia which protrudes through the supravesieal 
fossa, a triangular area bounded by the lateral umbilical folds which cover the 
obliterated umbilical arteries and the peritoneal reflection which passes from 
the anterior abdominal wall to the fundus of the bladder. This area is divided 
into right and left halves by the median umbilical fold which is formed by the 
remnant of the urachus. 

The first reference to supravesical hernia was made by Sir Astley Cooper, 
in 1804.7 Waldeyer, in 1874, introduced the term supravesical fossa, and this 
is now the most widely accepted nomenclature. 

Supravesical hernias may be divided into internal and external types. 
The external hernias are not uncommon. The internal hernias fall into 4 
groups: (1) prevesieal, (2) intravesical, (3) paravesical, and (4) lateral.’ 
As these terms indicated, the hernia may protrude into the space of Retzius, 
into the bladder, beside the bladder, or into the more lateral pelvis. 

Warvi and Orr,” in 1940, published an excellent monograft on internal 
hernia in which they were able to find 37 authentic cases of internal supra- 
vesical hernia in the world literature. They added one of their own. Since 
their publication we have found 7 additional eases, each of which was pub- 
lished as an individual ease report. These cases are summarized in Table L. 

The reported eases of internal supravesieal hernias may be broken down 
into the 4 eategories as follows: 

Prevesical } 

-aravesical f 

Lateral ) 

Intravesical I 
Undesignated 2 
45 


Our 2 cases were both of the intravesical type and are therefore the second 
and third such reported cases. Calobi and Gaiardoni® described the first case 
in 1902. Their patient was a 60-year-old man who had obstruction of the 
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small bowel from a loop of intestine which was invaginated into and strangu- 
lated by the musculature of the bladder wall. The patient died without opera- 
tion. 

Blum‘ describes 3 cases, 2 of which he thought were intravesical and one 
of the prevesical type. Warvi and Orr’ accept only the latter as an authentic 
ease of internal supravesical hernia. 

Within a 6-month period at the Vanderbilt University Hospital, 2 cases 
of internal supravesical hernia were encountered. A review of all internal 
hernias in the records of this hospital has failed to reveal any additional 
internal supravesical hernias. 

CASE REPORTS 

Case 1.—L. T. was a 44-year-old Negro man who had been in good health except for 
mild bronchial asthma until 48 hours prior to admission when he developed generalized 
crampy abdominal pain accompanied by nausea and vomiting. The abdominal pain was in- 
termittent. During the 36 hours before admission he had passed no stool or flatus. There 
had been no previous operations. There were no urinary symptoms. 


Fig. 1.—Sagittal view of incarcerated small intestine in an intravesical type of internal supra- 
vesical hernia. 


Physical examination revealed temperature 98.8° F., pulse 60, blood pressure 150/59, 
and respirations 20. He was a well-developed, well-nourished Negro man in acute distress 
from abdominal pain. The lungs were clear except for crepitant rales at both bases. The 
heart was not enlarged by percussion, and rate and rhythm were normal. No cardiae mur 
murs were heard. The abdomen was moderately distended with generalized tenderness 
maximal in the left lower quadrant. No masses were palpable. The bowel sounds were 


generally hypoactive with occasional rushes. He had an easily reducible small umbilical 


hernia. Examination of the genitalia revealed no abnormalities and no inguinal hernias. 
A digital rectal examination revealed no tenderness or masses. 

Laboratory findings revealed WBC 11,350; hemoglobin 15 Gm. Urine was orange, 
slightly cloudy with specific gravity of 1.025, was negative for protein and sugar, and 
showed an occasional white cell on microscopic examination. 





Volume 42 INTERNAL SUPRAVESICAL HERNIA 371 


Number 2 


Roentgenograms of the abdomen revealed multiple dilated loops of small bowel which 
showed fluid levels on the erect film. No air was noted in the large bowel or rectum. The 
roentgenologic impression was mechanical small bowel obstruction. 

After a Levin tube was passed into the stomach and the patient was hydrated with 
intravenous fluids, he was taken to the operating room, on Sept. 3, 1954. The peritoneal 
cavity was entered through a left paramedian incision. Loops of distended and collapsed 
small bowel were seen. A collapsed loop was followed to a point on the anterior abdominal 
wall just to the left of the midline and below the peritoneal reflection of the badder where 
the bowel went through a tight ringlike opening. Another loop of dilated bowel could be seen 
coming out of this same opening. After incising the fibrous ring of the opening, it could 
be seen that a 10 em. loop of ileum had passed through a defect in the left supravesical 
fossa, invaginated the bladder wall, and had become incarcerated (Fig. 1). This loop of 
bowel was easily reduced after the fibrous ring of the opening in the supravesical fossa was 
enlarged. The bowel was dusky in color and constricted at the ring, but viable. A finger 
could be inserted into the hernial sac, which was about 7 em. long and invaginated the dome 
of the bladder. The hernial sac was very adherent to the bladder wall, so no attempt was 
made to excise the sac. The neck of the sac at the ringlike opening was closed with inter- 
rupted 3-0 silk sutures as is seen in Fig. 2, C. 

The patient had an uneventful recovery following this operation and was discharged 
from the hospital on the ninth day after operation. Cystoscopy was performed before he 
left the hospital and, except for a moderate contracture of the vesical neck, was not re- 
markable. 

This patient has been followed for 21 months. He is asymptomatic and has worked 
steadily. 


CASE 2.—G. W. R., a 47-year-old white painter, presented himself in the emergency 
room, on April 13, 1956, after developing lower abdominal discomfort and obstipation 3 
days earlier. Twenty-four hours later he had developed intermittent cramping and lower 
abdominal pain after taking a laxative. This pain radiated up to the umbilicus in the 
midline and was associated with nausea, vomiting, and anorexia. For 48 hours prior to ad- 
mission, the patient vomited everything taken by mouth. For the 12 hours preceding admis- 
sion, the pain was much less. Past history was remarkable in that one year prior to admis- 
sion the patient had the sudden onset of severe, squeezing, substernal pain with associated 
dyspnea, This was relieved by oral medication by his local physician and did not recur. 
The patient denied any other symptoms of cardiovascular or pulmonary disease. There was 
no history suggestive of rheumatic fever or syphilis. The patient also denied any genito- 
urinary symptoms. He considered himself in very good health prior to the onset of his ill- 
ness and had undergone no previous operative procedures. 

Physical examination revealed an acutely ill white man in marked pain. The skin 
was dry as were the mucous membranes. The lungs were clear to percussion and ausculta- 
tion, and the respiratory rate was 18 per minute. Examination of the heart revealed the 
rate to be 80 to 84 beats per minute and grossly irregular. The heart was enlarged; the 
left border of dullness extended 13 em. from the midsternal line. P, was greater than A,. 
There was a Grade III aortie systolic murmur, a Grade III apical systolic murmur, and a 
Grade II diastolic murmur heard best in the third left intercostal space. Frequent prema- 
ture ventricular contractions were present. The blood pressure was 135/60. Examination 
of the abdomen revealed it to be distended, tympanitic, and without peristaltic sounds. 


There was a lower abdominal muscle spasm and generalized lower abdominal tenderness. 
The point of maximal tenderness was 2 em. below McBurney’s point. Rebound tenderness 
and referred rebound tenderness were not present. No masses or organs were palpable and 
no inguinal hernias were present. Rectal examination revealed slight tenderness high on 
the right side of the pelvis. The extremities showed no peripheral edema. 


Laboratory findings: Urine 1 plus protein, 0-1 WBC, 0-2 granular casts per high pow- 
ered field. WBC 20,600; hemoglobin 15 Gm, Roentgenogram of the abdomen revealed several 
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loops of dilated small bowel and was interpreted as showing evidence of mechanical small bowel 
obstruction. Electrocardiogram revealed left ventricular hypertrophy, left ventrieuiar 
strain pattern, and premature ventricular contractions. 

The patient’s dehydration was corrected with 1,000 ¢.c. of 5 per cent dextrose in 
water and 1,000 ¢.c. of 5 per cent dextrose in saline. A Levin tube was inserted and con- 
nected to suction and the patient was started on quinidine. Antibiotics in the form of peni- 
cillin and streptomycin were started. After the dehydration was corrected the patient was 
transported to the operating room for an exploratory laparotomy to correct the mechanical 


small bowel obstruction. 
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Fig. 2.—A, Intraperitoneal view of anterior abdominal wall showing incarcerated hernia 
in the supravesical fossa. B, Bowel has invaginated the dome of the bladder and become 
incarcerated. C, Closure of the defect with interrupted silk sutures. The hernial sac is not 
excised. 


Operation: Through a right lower paramedian incision, the peritoneal cavity was ex- 
plored revealing large dilated loops of jejunum and high ileum and collapsed lower ileum. 
The point of obstruction was found in the dome of the bladder. A 7 em. segment of ileum 
was incarcerated into the dome of the bladder just medial and slightly inferior to the in- 
sertion of the obliterated umbilical veins. The hernial ring was a 1 x 2 em. defect in the 
perivesical fascia. Digital exploration of the defect after reduction of the incarcerated 
loop revealed the sac to run medially and inferiorly and to depress the wall of the bladder 
(Fig. 2). The ring edges were freshened and the defect was closed with interrupted sutures 
of 4-0 braided silk. There was no impairment of the viability of the intestine and the 
wound was closed in the routine manner. 

The patient did well postoperatively and was cystoscoped before leaving the hospital. 
No abnormal findings were noted on the cystoscopy except hyperemia in the region of the 
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trigone which was thought to be secondary to the effects of a Foley catheter which had been 
inserted postoperatively. He was discharged on the fifth hospital day. 

The patient continued to do well until 9 months after discharge when he re-entered 
the hospital with signs and symptoms of recurrent small bowel obstruction. An explora- 
tory laparotomy was performed at this time, and a mechanical obstruction from an adhesive 
band was corrected. Examination of the bladder revealed no evidence of recurrence. The 
repair of the defect in the perivesical fascia was intact. The patient is now living and 
well 6 months following his last admission. 


DISCUSSION 

The etiologic factors involved in the formation of supravesical hernias have 
been discussed by Warvi and Orr.'? They state that Finsterer has ascribed 
the primary etiologic factor to an abnormality in the regression of the fetal 
structures which results in a congenital predisposition to hernias because of 
the depth of the supravesical fossa. Rokitansky, in 1861, is credited with the 
idea that delayed regression of the umbilical arteries and urachus results in 
raised fibrous bands which developed mesentery-like peritoneal folds with 
deep fossae between them. These fossae may go on to form deep diverticula. 
These supravesical diverticula may herniate in several directions. Those in 
the superior portion of the supravesical fossa usually result in external hernias 
while those arising in the inferomedial part may become lodged in the pre- 
vesical space of Retzius. When the bladder apex is weakened by a defective 
closure of the urachus, they may herniate directly into the bladder forming 
the intravesical type of internal supravesical hernia. Men are more often 
affected because of anatomic variations in the male pelvis as contrasted with 
the female and also because of variations in bladder filling. The male bladder 
enlarges in an anterosuperior direction that may trap the intestines in the 
supravesical diverticula, while the female bladder distends laterally thus fore- 
ing the intestines upward and outward. 

As far as we can ascertain only one ease of internal supravesical hernia 
has been accurately diagnosed before operation. Warvi and Orr’ credit 
Fromme with this feat. He cystoscoped his patient and noted bulging of the 
bladder wall caused by a prevesical hernia. Unless attention is directed to the 
bladder by tenderness in this area due to bowel ineareeration, no clues are 
offered for making a diagnosis before laparotomy. Most cases have presented 
only the picture of small bowel obstruction as our 2 eases did. 

The treatment is release of the intestinal obstruction and closure of the 
peritoneal defect. Most authors on this subject advise against attempts to 
excise the hernial sae and think that freshening the edges of the ring with 
closure of the defect using continuous or interrupted sutures is sufficient. 
There have been no reported recurrences after this procedure. 

The mortality rate in the 38 cases in Warvi and Orr’s’ report was 44.1 
per cent. Im the 9 subsequent cases there has been no mortality. All of these 
cases were diagnosed before operation as intestinal obstruction, but in none 
was the cause of the obstruction correctly diagnosed. The survival of all 9 
patients reflects the benefits of present-day methods of the treatment of in- 
testinal obstruction. 
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SUMMARY 
1. Two additional cases of supravesical internal hernias are presented. 
Both were of the intravesical type and represent the second and third such 
authentic cases to be reported and the first such cases on which surgery was 
successfully performed. 


2. Both patients presented with symptoms of acute intestinal obstruction 
and recovered after laparotomy with reduction of the inearcerated loop of 


small bowel and suture of the neck of the hernial sae. 


3. A summary of all previous cases is presented. 
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SPLENIC HEMORRHAGE SIMULATING ACUTE PANCREATITIS 


Davip B. Hinsuaw, M.D.,* aNnp Gregory C. Murray, M.D., Los ANGELES, CALIF. 


(From the Department of Surgery, College of Medical Evangelists, School of Medicine, and 
the Los Angeles Cownty General Hospital) 


NTRA-ABDOMINAL hemorrhage from rupture of the spleen or its pedicle 
| is a serious emergency requiring prompt surgical treatment. Splenic rup- 
ture may be confused with other acute intra-abdominal diseases, particularly 
with perforated peptic uleer.2. Opportunity for diagnostic error is particularly 
good when the problem is that of delayed rupture of the spleen or of rupture 
occurring after seemingly insignificant trauma. Zabinski and Harkins,’ in 
a review of delayed rupture of the spleen, mention one case in which an 
erroneous diagnosis of acute pancreatitis was made. Brief reference to the 
problem was also made by Wilson and Seabrook.* Other than this, very little 
emphasis has been placed on the serious situation created by mistaking splenic 
hemorrhage for acute pancreatitis. 

While prompt operative intervention is essential in splenic hemorrhage, 
it is usually undesirable in acute panereatitis. Therefore, if one of these 
conditions is confused with the other, a serious error may result. This is 


particularly true if splenic hemorrhage is mistaken for acute pancreatitis 
and the patient is denied early surgery. 

The two following case reports illustrate the confusion which may exist 
between splenic hemorrhage and acute pancreatitis. 


CASE REPORTS 


Case 1.—A 48-year-old telegraph operator was admitted to the Los Angeles County 
General Hospital because of severe paraumbilical abdominal pain of 3 days’ duration. Soon 
after admission the pain spread to the epigastrium and left lower quadrant; radiation 
of pain to the left shoulder was also noted. He vomited copiously on several occasions, 
but no hematemesis or melena occurred. The patient admitted drinking large quantities 
of wine during the week immediately preceding the onset of his symptoms. There was no 
history of trauma or of peptic ulcer. 

This patient had had 3 previous hospital admissions, all for acute pancreatitis and 
chronic alcoholism. The diagnosis of acute pancreatitis was supported on each occasion 
by high blood serum amylase levels or by high levels of diastase in the urine. 

The temperature was 100° F.; pulse was 100; the respiration 30; the blood pressure 
was 150 mm. Hg systolic and 90 mm. Hg diastolic. 

The patient was a well-developed, well-nourished, apprehensive, white man complaining 
of acute abdominal pain. The skin was dry with poor turgor. The heart and lungs were 
negative. There was generalized abdominal tenderness with rebound but no rigidity. 
These findings were most pronounced in the epigastrium and left upper quadrant. There 
Were no palpable abdominal organs or masses. Bowel sounds were present but hypoactive. 
The reetal examination was negative. 


te __ 
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The hemoglobin was 14.0 Gm. per cent and the leukocyte count was 11,500 \ 
70 per cent polymorphonuclear neutrophils. The routine urinalysis was negative. 
urinary diastase was 2,720 units (less than 1,000 units or mgm. glucose/100 ce. urin 
normal). The serum amylase was 240 units (less than 100 is normal). <A right lat 
decubitus roentgenogram of the abdomen showed no evidence of intraperitoneal air. 

A working diagnosis of acute pancreatitis was made and the patient was treated 
with nasogastric suction, analgesics, intravenous fluids, antibiotics, and bed rest. Two 
days after admission the patient developed delerium tremens which gradually subsided over 
a period of 3 or 4 days. On further questioning, it was learned that the patient had 
been beaten and kicked in the abdomen approximately 2 days before his hospital entry. 
A diagnostic peritoneal needle aspiration was done yielding one ¢.c. of cloudy fluid from 
the left lower quadrant. Microscopic examination of the fluid showed numerous lympho- 
eytes and no fat globules. 

Urinary diastase determinations were made daily, and these values fluetuated between 
3,500 and 6,850 units. The patient showed gradual improvement, until the tenth hospital 
day when he complained of sudden, intense epigastric and left upper quadrant pain 
associated with tachyeardia, hypotension, cyanosis, and perspiration. Abdominal examina 
tion at this time showed generalized tenderness with rebound and rigidity in the epigastrium. 
A right lateral decubitus abdominal roentgenogram showed no evidence of free intraperitoneal 
air. 

The patient was thought to have a perforated peptic ulcer or rupture of a pancreatic 
cyst. At laparotomy a large encapsulated hematoma was encountered in the left upper 
quadrant region with approximately 1,000 ¢.c. of blood free in the peritoneal cavity. The 
pancreas was slightly enlarged and firm. After splenectomy and evacuation of the 
hematoma and with blood replacement, the patient made an uneventful recovery. The 
urinary diastase determinations returned to normal within 10 days following surgery, 


and the patient was discharged from the hospital on the fifteenth postoperative day. 


CASE 2.—A 45-year-old Caucasian laborer was admitted to the Los Angeles County 
General Hospital because of acute, severe, epigastric, abdominal pain of 12 hours’ duration. 
The pain was sudden in onset and was accompanied by nausea and vomiting. Several 
hours after the onset of symptoms there was migration of pain to the right lower quadrant. 
The patient admitted having had a dull, vague, aching intermittent pain in the upper abdomen 
for one month prior to the onset of the present illness. There was also a history of a 20 
pound weight loss during the past one year. The patient admitted chronic alcoholism for 20 
years. He denied any abdominal or chest injuries. 

The temperature was 100° F.; the pulse 136; the respiratory rate 24; the blood 
pressure 110 mm. Hg systolic and 70 mm. Hg diastolic. The patient was a well-developed 
but malnourished man who appeared chronically ill, The skin turgor was poor. There 
were dullness and absence of breath sounds over the left lower chest area. There was 
diffuse abdominal tenderness with rebound but no rigidity. The tenderness was most 
pronounced in the epigastrium and the right lower quadrant. There was a questionable, 
ill-defined mass in the epigastrium and left upper quadrant. The bowel sounds were hypo 
active. Digital rectal examination revealed slight tenderness high on the right side. 

The hemoglobin was 7 Gm. per cent; the leukocyte count was 17,400; the routine 
urinalysis was negative. The nonprotein nitrogen was 43 mg. per cent, and the plasma 
bicarbonate was 26 meq. per liter. The serum amylase determination was 600 units 
(normal is less than 100). 

A chest roentgenogram showed elevation of the left diaphragm with haziness of the 
left lower lung field. The air in the stomach showed displacement toward the midline on 
the abdominal roentgenogram. An upright abdominal view showed no free intraperitoneal 
air. 

A small amount of serosanguinous fluid was obtained on diagnostic peritoneal 


aspiration which showed some fat globules and lymphoeytes. The amylase content of this 


fluid was 3,500 units. A diagnosis of acute pancreatitis or perforated peptic ulcer was 
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made. At laporotomy a large hematoma was found occupying the left upper quadrant. 
The spleen, which was partially incorporated in this hematoma, had a large stellate laceration 
on its diaphragmatic surface. In addition to the hematoma, approximately 500 c.c. of 
free intraperitoneal blood was present. The hematoma was evacuated and splenectomy 
performed. There was no visible or palpable evidence of pancreatitis. The postoperative 
course was uneventful and the patient was discharged from the hospital on his fourteenth 
postoperative day. 


COMMENT 


The diagnosis of splenic hemorrhage in these cases was made especially 
difficult by the elevated amylase values, the nature of the peritoneal needle 
aspirate, and the lack of any history of abdominal trauma. It is well known, 
but probably not emphasized enough, that perforated peptic uleer, high or 
strangulated small bowel obstructions, and renal insufficiency may sometimes 
cause significant elevations of the blood and urine amylase determinations. 
This fact does not detract from the value of the serum amylase determination 
in the diagnosis of acute pancreatitis, but it does suggest that adequate 
emphasis should be placed on the clinical features of any given case. If any 
serious question exists as to whether some acute intra-abdominal disease 
requiring prompt surgery is present operation should not be delayed simply 
because there is laboratory evidence suggesting pancreatitis. 

The question arises as to whether or not hemoperitoneum alone could 
cause amylase elevations in the blood and urine. A group of patients with 
hemoperitoneum due to ruptured ectopie pregnancy were studied by obtaining 
amylase determinations on both the blood serum and on the blood aspirated 
from the peritoneal cavity. None of these patients had any elevation of the 
blood serum amylase, and in no ease did any of the blood from the peritoneal 
aspirations show any amylase activity. 

It is suggested that the inereased amylase activity in the two eases 
presented was due either to hemorrhage from the spleen into the pancreatico- 
lienal ligament with involvement of the tail of the panereas or due to 
associated traumatic pancreatitis or to coincident aleoholism. The fact that no 
gross damage to the pancreas was noted in either case at the time of surgery 
indicates that perhaps amylase values may rise even when gross, visible pan- 
creatie injury is relatively minimal. 

It should be emphasized again that the great majority of patients who 
have elevated amylase determinations will have acute pancreatitis. How- 
ever, in patients with mild amylase elevations or in those with any clinical 
findings pointing away from pancreatitis, very careful evaluation is necessary 
before the diagnosis of acute pancreatitis can be safely accepted. 

It is evident that in patients with nonpenctrating abdominal trauma with 
blood serum amylase elevations that splenic hemorrhage must be considered 
as well as traumatic pancreatitis and perhaps duodenal rupture. Diagnostic 
peritoneal aspiration may sometimes be of help in differentiating these con- 
ditions, particularly if the nonelotting blood of free intraperitoneal hemorrhage 
is found. It is important to be aware of the fact that serious diagnostic 
confusion ean arise between acute pancreatitis and splenie hemorrhage. 
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SUMMARY AND CONCLUSIONS 


1. Two eases of traumatic splenic hemorrhage simulating acute jp 
ereatitis have been presented. 


2. The importance of being cautious in the interpretation of elevated 
amylase values is emphasized; this is particularly true when abdominal trauma 


is suspected. 


3. In as mueh as the management of these two conditions is so divergent. 
early diagnosis is most desirable to prevent serious therapeutic error. 
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AN ADJUSTABLE SMALL ANIMAL OPERATING BOARD 


LEon C. Epwarps, M.D.,* Boston, Mass. 


HE animal operating board illustrated has contributed to the more rapid 

performance of the large volume of small animal surgery in this laboratory. 
Its maneuverability depends upon the camera tripod head placed between the 
base and the top, which is shown in Fig. 1. The top ean be tilted over 30 
degrees both laterally and longitudinally in both directions from the horizontal 
position and locked with a turn of the tripod head arm. It ean be rotated 
freely or locked in position with the serew seen at the side of the tripod head. 
Fig. 2 is a photograph taken from the same angle as that in Fig. 1 showing the 
top tilted to the right during a left adrenalectomy. 

The base is 12 by 14 inches and the top 8 by 12 inches. Both are made 
of 84 inch plywood. The base is built up with blocks for convenience and 
weight. The additional board between the top and the tripod head provides a 


Fig. 1.—An adjustable animal operating board. The essential feature of its maneuverability 
is the tripod pan head shown attached between the base and the top. 
Received for publication Sept. 4, 1956. 
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swivel and lock for the lateral tilt of the top. This arrangement, with the 
metal dise shown (a 4-ineh junction box cover), would not be required with a 
universally tilting tripod head. 


Fig. 2.—The operating surface is tilted to the right during a left adrenalectomy. 


The sheet metal clip at the head of the top holds a plastie ether cylinder. 
The animal is seeured by 4 small battery clips, attached to the posts by rubber 


hands as shown and with the jaws adjusted to prevent injury to the animal’s 


limbs. 
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CAROTID BODY TUMORS WITH REGIONAL LYMPH NODE 
INVOLVEMENT WITH REPORT OF A CASE 


ALAN S. Raxsson, M.D.,* aNp James L. Exuiort, M.D.,** New Or.EAns, La. 
(From the Departments of Pathology and Surgery, U. S. Public Health Service Hospital) 


ALIGNANCY of carotid body tumors has been a subject associated with 

considerable confusion. In 1941, on the basis of histologic studies of the 
primary tumors, Harrington and his associates’ reported that fifty per cent were 
definitely malignant. On the other hand, in 1951, Lecompte® accepted only one 
ease with visceral metastases and stated that, ‘‘metastases to lymph nodes are 
mentioned occasionally in the literature, but verified cases are extremely hard 
to find.’”’ Other authors’: 1! have also commented on the paucity of cases of 
primary carotid body tumors with lymph node involvement and have cast some 
doubt upon the validity of some of the reported cases. The present case, with 
complete study of surgical and autopsy specimens, is thought to represent a 
true example of carotid body tumor with regional lymph node involvement. 


CASE REPORT 


M. D., a 54-year-old white man, was admitted to the U. 8. Public Health Service Hospital 
on April 27, 1955, with a two-year history of a slowly growing, painless mass in the right 
upper neck, unassociated with weight loss, fever, or other systemic symptoms or signs. He had 
been a known hypertensive since 1945 but system review was otherwise noncontributory. On 
physical examination, a 4 by 6 cm. rounded mass was felt beneath the right angle of the jaw. 
It was firm and nontender and manipulation of the mass caused coughing. Admission blood 
pressure was 170/95. 

On May 4, 1955, under general anesthesia, the right side of the neck was explored and 
a large vascular tumor was found enmeshing the vessels at the bifurcation of the carotid 
artery. The mass itself was not biopsied; however, a lymph node near the tumor was felt to 
have an area of firmness and was excised. Pathologic examination of this node resulted in 
a diagnosis of ‘‘secondary carotid body tumor in cervical lymph node.’’ 


Originally it was felt that radical removal of the tumor would be inadvisable in view 
of the extensive involvement of the major blood vessels and the patient’s age. Nevertheless, 
when the nature of the lesion was explained to the patient and the hazards of resection 
emphasized, he requested that radical removal of the tumor be attempted. 

On the morning of May 16, 1955, the tumor was completely excised and the arterial 
gap of two inches between the internal carotid and common carotid was bridged with a vein 
graft from the superficial femoral vein. It was necessary to resect segments of the right vagus 
and hypoglossal nerves as they traversed the tumor mass. He withstood the procedure well 


_—__—— 
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but by 4:30 p.m. on the day of operation paralysis of the left arm and leg was noted. At 
7:15 P.M. his blood pressure was 260/120 and he appeared to be having difficulty with his 
airway. While plans were being made for a tracheotomy, he had a sudden cardiae arrest. 

An emergency thoracotomy was done, and after less than one minute of cardiac 
massage regular cardiac rhythm was resumed and adequate blood pressure was maintained 
with the occasional use of vasopressors. In spite of continuous positive pressure oxygen for 
more than two hours, the patient did not resume spontaneous respiration and expired. 


X 4 


Fig. 1.—Low power photomicrograph of carotid body tumor invading lymph node (X25). 


At autopsy, the cause of death was a recent infarct of the right cerebrum with an 
embolus in the right middle cerebral artery. The vein graft in the neck was patent but 
there was a thrombus on its wall extending into the proximal portion of the common carotid 
artery at the line of anastomosis. This thrombus was thought to be the source of the embolus 
found in the right middle cerebral artery. No residual carotid body tumor was found at the 
operative site and no tumors were found in the other carotid body, the aortic bodies, the 
glomi jugulare, or adrenals, 


PATHOLOGY 


Two small lymph nodes were excised at the initial operation. The larger of these 
measured 1.4 by 0.8 by 0.6 em. Near one margin of the larger node there was a firm discrete 
nodule which measured 0.3 em. in diameter and which, on section, was red-brown and well 
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demarcated from the surrounding lymphoid tissue. A low-power photomicrograph is shown 
in Fig. 1 with the nodular collection of tumor tissue seen at the margin of the node. Higher 
magnification of the section in Fig. 2 shows the typical architecture of carotid body tumors 
with nests of epithelioid cells surrounded by vascular stroma. ‘There is moderate nuclear 
pleomorphism with prominent nucleoli and occasional giant nuclear forms. The tumor cells 
have abundant finely granular eosinophilic cytoplasm. No mitotic figures can be identified in 
the tumor cells. The pathologic diagnosis was ‘‘secondary carotid body tumor in cervieal 
lymph node, ’? 


Fig. 2.—Higher magnification from tumor area in Fig. 1 (415). 


The resected tumor and attached neck structures are shown in Fig. 3. The tumor 
measured 5.0 by 4.0 by 3.5 em. and was firm and reddish brown. Segments of the common 
tarotid, internal carotid and external carotid arteries were included within the tumor mass. 


Although tumor intimately surrounded these vessels, there was no gross evidence of invasion 


of vascular walls. Ten small lymph nodes found in the nevk dissection were free of tumor. 
Microscopie examination of the tumor presented features essentially similar to those seen in 
the tumor nodule in the cervical lymph node. ‘Tissue fixed in Miiller’s fixative was stained 
for chromaffin granules and none were found. Reticulum stains demonstrated the character- 


istic architecture of cell nests or ‘‘Zellballen.’’ The patholegic diagnosis was ‘‘carotid body 
tumor 29 
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DISCUSSION 

In the present case the problem of whether the tumor nodule in the lymph 
node represented metastasis or direct invasion aroused considerable discussion. 
Although it was not possible to demonstrate node capsule around the tumor 
nodule in the sections, at operation the node was definitely not in contact with 
the main tumor mass and was at least 1 em. from it. It was the opinion of the 
majority of pathologists studying the lesion that this was metastasis rather 
than extension. 


Fig. 3.—A drawing of the primary carotid body tumor. 


In a review of available literature, we have found ten reported cases of 
earotid body tumor with regional lymph node involvement.’ * *1° Most of 
these have been discussed in a recent review by Romanski’ and will not be 
considered in detail here. In addition to the cases cited by Romanski, Acker- 
man’ has briefly described a case quite similar to the one we are reporting. 
Goormatigh? also recently reported a carotid body tumor with widespread 
metastases including deposits in the cervical lymph nodes. Many of the re- 
ported cases, however, lack photographic documentation and autopsy studies. 
In view of the physiologic evidence that the carotid body is sensative to changes 
in pH, an attempt was made to study morphologic variations in the tumor alter 
incubation in isotonic solutions buffered at various pHs. Immediately after re- 
moval of the main tumor mass, thin fresh slices were incubated in isotonic buffers 
at pH’s 7.1, 7.5 and 7.9 for ten minutes at room temperature and then fixed 
in neutral 10 per cent Formalin. Histologic studies of sections of tissue treated 
in these various ways revealed no significant morphologic alterations. 
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SUMMARY 


A ease of carotid body tumor with regional lymph node involvement has 
been presented. The literature relevant to lymph node involvement by carotid 
body tumors has been briefly reviewed, and the paucity of well-documented cases 
emphasized. 
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DESMOID TUMOR OF RIGHT INTERNAL OBLIQUE MUSCLE IN 
A PATIENT WITH TRICHINOSIS 


LAWRENCE S. MANN, M.S., M.D., JEssE E1sen, M.D., ANp 
JOHN E. Famitaro, M.D., Hines anp Cuicaago, IL. 


(From the departments of Surgery, Hines Veterans Administration Hospital, and the Chicago 
Medical School) 


DESMOID tumor is a tumor composed of fibrous tissue, usually benign and 

located in the anterior abdominal wall, more commonly found in women 
who have borne children during the parturient vears. Several theories have 
been advanced as to the possible etiology and pathogenesis of these tumors which 
develop from connective tissue, usually in the fascia or muscle.*° We are 
presenting this case of a desmoid tumor of the right internal oblique muscle with 
an incidental finding of asymptomatie trichinosis, in that his infestation may 
have been a possible etiological factor, although no reference is made to this in 
the literature. 

CASE REPORT 


S. S., a 48-year-old white man, a cement mason, entered Hines V. A. Hospital 
on May 19, 1955, complaining of pain and swelling of the left leg below the knee of two 
and one-half months’ duration. No previous history of trauma, infection, or bony pathology 
was given. He continued to work until three days prior to admission. There was no history 
of chills, fever, general malaise, phlebitis, ingestion of raw meat, or muscle pains; however, 
he did have his meals in restaurants. Past history and systems review were nonrevealing. 

Physical examination revealed a well-developed, well-nourished white man with a 
chronic cellulitis involving the left leg almost in its entirety. The temperature was 100.2° F. 
orally, pulse was 88, and blood pressure was 130/88. <A firm circumscribed extraperitoneal 
mass measuring 10 by 15 cm. was present in the right lower quadrant 2 em. medial to the 
anterior superior iliac spine. Urinalysis, hemogram, serology, and liver profile were normal. 
The white blood count was 8,000 with a differential of 1 eosinophil, 85 per cent neutrophils 
and 14 per cent lymphocytes. Barium enema, intravenous pyelogram, and chest roentgenograms 
were normal. The sedimentation rate was elevated to 22 mm. 

Hospital Course.—After the cellulitis of the left lee had subsided, the right lower 
quadrant mass was explored on June 8, 1955, under general anesthesia. The mass was found 
to be entirely within the internal oblique muscle. The frozen section, as well as subsequent 
paraffin sections, reported the mass as desmoid tumor. Trichinella were found at one edge 
of the excised mass in normal muscle (Figs. 1 to 3). Subsequent trichina skin antigen test 
was negative and the complement fixation test was reported, as its titer in terms of the highest 
dilution giving a reaction was 4. The postoperative course was uneventful. 


SUMMARY 


A ease of desmoid tumor of the right internal oblique muscle with an 
incidental finding of asvmptomatie trichinosis is presented. 
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Fig. 1.—Gross appearance of desmoid tumor after removal. 
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Fig. 2.- ‘Microscopic appearance of desmoid tumor. 
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Encysted larva of trichinella spiralis in right internal oblique muscle at edge ol 
desmoid. 


Fig. 3. 

















CARCINOSARCOMA OF THE ESOPHAGUS 


H. ALLEN Kine, M.D., anv T. A. Koerner, M.D., SHREVEPoRT, La. 


(From the Surgical and Pathology Services, Veterans Hospital) 


ARCINOSARCOMA of the esophagus, a rare neoplasm composed of both 

neoplastic epithelial and neoplastic mesenchymal elements, differs con- 
siderably from ordinary cancer of that organ. An interesting example of this 
tumor was recently encountered by us when a patient with esophageal obstruction 
was treated by esophagectomy. 

Stout, Humphreys, and Rottenberg,® in 1949, described a patient whose 
tumor demonstrated both carcinomatous and sarcomatous elements at time of 
resection, and who developed late mediastinal sarcomatous metastasis. These 
authors also reviewed 20 previously reported cases, and, among these, noted the 
close similarity of 11. Contrasted with ordinary carcinoma, these were polypoid, 
did not invade early, and showed little tendency to metastasize. 


Six additional cases have since appeared separately in medical litera- 
tore. * 9 
CASE REPORT 


A 65-year-old white man, admitted to the hospital in September, 1954, complained of 
difficulty in swallowing which had increased steadily for two months. Solid foods seemed 
to ‘‘hang up,’’ causing emesis, and on one occasion a small ‘‘ piece of flesh’? was observed 
in the vomitus. His illness had resulted in a weight loss of eight pounds. 


He was a tall, somewhat emaciated individual. No abnormalities of blood count, 
urinalysis, serology, or electrocardiogram were reported. Chest roentgenogram revealed 
some emphysema of both lungs, but was otherwise normal. Barium study disclosed irregularity 
of the walls of the esophagus in the lower part of the middle third, with evidence of mucosal 
destruction suggestive of carcinoma. A granular mass, demonstrated by esophagoscopy, was 
proved by biopsy to be carcinoma. 

Esophagectomy was performed through a combined right thoracic and epigastric 
approach, freeing and removing the entire esophagus below the level of the third rib. The 
stomach was freed from the pylorus upward and drawn into the right thoracic cavity through 
the dilated esophageal hiatus. Anastomosis was accomplished between the remaining short 
segment of esophagus and the upper portion of the stomach. An upper esophageal cuff, 
removed from the gross specimen and submitted for separate pathologic examination, was 
reported free of tumor. The postoperative course was satisfactory and uneventful. 


Follow-up examinations have not, thus far, disclosed evidence of recurence. 


PATHOLOGIC REPORT 


The specimen consisted of an 11 em. segment of esophagus bearing a neoplasm which 
had completely encircled the lumen near the upper end. 


An ulceronodular portion of this tumor, measuring 3.5 by 3.2 em. contained two fleshy 
pink masses and two adjacent moderately deep ulcers which were surrounded by nodular 
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overhanging margins. Extending from this area, the lumen was completely encircled 
mucosal and/or submucosal extension of neoplasm, appearing as a pale, indurated, swoll 
sheath 3 cm. broad and up to 0.5 em. thick. The neoplasm was palpably adherent to 


musele coat of the esophagus and penetrated at one point, appearing as a 4 mm. yelloy 


extramuscular nodule, showing through a pink veil of normal tissue. 


Fig. 2. 


Fig. 1.—Barium study of the esophagus showing polypoid carcinosarcoma 
Fig. 2.—Postoperative barium study showing replacement of the resected esophagus bh) 
the transplanted stomach. 


Examination of sections revealed invasive squamous-cell carcinoma with moderate 
degrees of keratinization, unquestionably primary in the esophagus. The ulcer areas were 
squamous carcinoma, infiltrating all layers of muscularis and forming nodular deposits 1™ 
the adventitia. The previously described yellow nodule was carcinomatous, with a neerotte 
center, invested by a cover of fibrous tissue. 
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The polypoid nodules differed strikingly from the remainder of the tumor. These were 
superficial and consisted of streams of ‘‘spindle cells,’’ often directed at right angles to the 
deeper muscularis, but independent, because of intervening connective tissue. The nuclei 
of these cells were elongated, with rounded ends. Frequent mitotic figures and occasional 
multinucleated giant cells were observed, suggesting leiomyosarcoma, an impression confirmed 
by study of sections stained with Mallory aniline blue collagen procedure and van Gieson 
procedure. These nodules of leiomyosarcoma were invaded by lacelike or cordlike strands of 
eareinoma, here showing less differentiation than elsewhere. Portions of carcinoma had 
developed ‘‘spindle cell’’ appearance, but the epithelial spindle cells and those of sarcomatous 
origin differed, even where they comingled. 

The pale, encircling sheath consisted of ‘‘carcinoma in situ,’’ and superficial squamous- 
cell carcinoma. 


> 


3.—Portion of resected esophagus showing polypoid tumor and circumferential infiltration. 


COMMENT 


This esophageal lesion consists of a leiomyosarcoma of relatively low 


malignaney invaded by squamous-cell carcinoma. As such, it is a “collision 
tumor,’’ in whieh the carcinoma is the more invasive element, as demonstrated 
by penetration of the carcinoma through the muscularis with instanees of 
vascular invasion. 





Fig. 5. 


Fig. 4.—Tumor under low magnification showing leiomyosarcoma at upper left, collision 


tumor with lacelike pattern in upper center, and squamous-cell carcinoma on right side of 
photograph. This also shows the site of deepest penetration by carcinoma. 

. Fig. 5.—Photomicrograph of tumor showing leiomyosarcoma infiltrated by a strand of 
epidermoid carcinoma. Note the giant cell and multiple mitoses in the sarcomatous portion. 
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Attention is directed to the gross polypoid character and to the interesting 
histologic pattern (Fig. 4) of this unusual neoplasm. 
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THE TREATMENT OF CORONARY ARTERY DISEASE 
BY SURGICAL OPERATION 
HERSCHEL E. Mozen, M.D., CLEVELAND, OHIO 
(From the Department of Surgery, University Hospitals of Cleveland, and the Western 
Reserve University School of Medicine) 
INTRODUCTION 

URING a recent period of 18 months, while serving as chief resident in 

Cardiovascular Surgery at the University Hospitals of Cleveland, | had 
the opportunity to study a group of 71 patients with coronary artery disease, 
who were treated by surgical operation.’? A broad experience was obtained in 
all aspects of this type of treatment. I personally participated, either as 
surgeon or first assistant, in each operation. Direct observations were made 
of the heart and coronary vessels. These were correlated with preoperative 
studies and with late results. A complete follow-up study, covering a post- 
operative period of 6 months to 2 years, has been made on each patient. Per- 
sonal experiences with surgical therapy for coronary disease and my own ob- 
jective evaluation of the results form the basis of this report. 

There can be little doubt that surgical operation will become inereasingly 
important in the future treatment of coronary disease. Surgeons throughout 
the world have devised many ingenious procedures to aid the crippled coro- 
nary circulation. This present report of experiences and results with the best 
available operation is important because it involves a statistically meaningful 
number of patients. It also covers a significant period in the development of 
the physiology underlying the operation. Additional studies and information 
are needed to amplify present understanding of the problems involved in this 
new method of therapy. The total experience with operations for coronary 
(lisease is relatively small. As operations are applied more widely, no doubt 
other groups will report their own experiences. 


IMPORTANCE OF THE CORONARY PROBLEM 


There is some disagreement as to the exact mortality and morbidity 
which occurs each year due to coronary artery disease. However, it is an 
undisputed fact that this disease is the number one cause of death in the 
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United States today. It is also a fact that present-day medical therapy, con- 
sisting of rest, vasodilators, and sedatives, and essentially no different from 
what it was 30 years ago, has done little or nothing to change this mortality. 
This is pointed out by Levine in a recent comment on the surgical treatment 
of coronary disease. He states, “The operation is justifiable . . . because there 
is so little else to offer the patient.”** In spite of the fact that there is “A 
more optimistic outlook among patients and physicians alike” and that “To 
discuss one’s electrocardiogram is as acceptable as to discuss one’s analyst,” 
and in spite of skillful reassurance of the patient, coronary artery disease con- 
tinues to kill hundreds of thousands each year. In addition, it partially or 
completely ineapacitates hundreds of thousands of others who live in constant 
fear of the next attack of angina pectoris or of the fatal heart attack. 

Master recently has stated, “The prevalence of coronary disease is in- 
dicated by the mortality statistics. In 1952, it was recorded as causing 325,135 
deaths in this country, independent of hypertension and other heart diseases. 
Thus it was listed as the cause of more than 60 per cent of all cardiae deaths. 
We estimated that over 1,000,000 new attacks of coronary occlusion occur 
annually in this country.’°® Sinee medical therapy has not altered the preva- 
lence or severity of this disease, it is reasonable that surgical procedures 
which have been demonstrated to be effective are being utilized ever more 
widely.2 Brofman’ recently has reported that more than 1,200 Beck opera- 
tions, including the various modifications, have been performed by over 50 
surgeons throughout the world. 


SCIENTIFIC BASIS FOR THE SURGICAL TREATMENT OF CORONARY 
ARTERY DISEASE 

During the past 25 years, Beck and his associates have established the 
principles upon which the operation for coronary artery disease is based. 
These principles were derived from facts established during more than 
6,000 experimental operations on dogs in the research laboratory. These 
principles have been substantiated by observations made during their clinical 
application in more than 500 operations on patients with coronary disease. 
During this development, innumerable problems had to be overcome and diffi- 
cult questions had to be answered. In order to appreciate what the surgeon 
can do for the patient with coronary artery disease, certain basie facts must 
be understood and accepted. 


ELECTRIC INSTABILITY OF THE HEART 


The fundamental importance of currents of oxygen differential in coro- 
hary artery disease, as they apply to electric instability of the heart and 
sudden disruption of the normal cardiae mechanism, has been defined by Brof- 
man and associates.1* This concept points out that the most important factor 
in coronary disease is the uniformity of distribution of available blood and not 
the total amount of coronary artery inflow. A uniformly oxygenated heart 
is electrically stable, even though the total amount of oxygen reaching the 
myecardium is markedly reduced. This is demonstrated experimentally by 
making a dog’s heart progressively and uniformly cyanotic by clamping the 
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endotracheal tube during an open-chest procedure. In such a ease, the hear‘ 
gradually stops in cardiac standstill. It does not fibrillate. It is electrically 
stable. The total amount of oxygen delivered to a completely cyanotic heart 
is far less than the amount delivered to heart in which a small area of myo- 
cardium has been rendered cyanotic by ligation of a coronary artery. In 
the second instance, however, the presence of well-oxygenated or pink myo- 
cardium in contact with poorly oxygenated or blue myocardium results in a 
difference in electrical potential. Such a heart is electrically unstable and 
frequently will fibrillate. Patients with coronary disease often have areas 
of ischemia within otherwise healthy, pink, well-oxygenated hearts. Under 
certain circumstances, these hearts may develop currents of oxygen differen- 
tial which are strong enough to cause ventricular fibrillation and death. 


[Electrically Unstable [Electrically Unstable [Electrically Stable Heart 
Heart Without Infarct | Heart With Infarct | With Infarct and Failure | 
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Fig. 1.—In an analysis of autopsy findings in 950 cases of death due to coronary 
artery disease, Yater found that only 10 per cent of hearts had such severe myocardial damage 
as to result in cardiac failure. These hearts (column 3 above) were electrically stable. The 
patients were able to progress from one bout of myocardial infarction to another without 
developing sufficiently strong currents of oxygen differential to cause mechanism death. There 
was no infarct, recent or remote, in 33 per cent of the hearts (column 1 above). The re- 
maining hearts had slight to moderate myocardial damage. All of the hearts in the first 
column and most of those in the second were electrically unstable. Continued function of 
these hearts could have been possible with a uniform distribution of blood. (Reproduced 
with permission. Beck, C. S., and Leighninger, D. S.: Scientific Basis for the “urgical 
Treatment of Coronary Artery Disease, J. A. M. A. 159: 1264, 1955.) 
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TWO TYPES OF DEATH: IMPORTANCE OF INTERCORONARIES 


For many years, it has been known that 80 to 90 per cent of patients with 
coronary disease die suddenly. These sudden deaths, referred to as mechanism 
deaths, are due to the disruption of the normal cardiae mechanism, usually by 
the abrupt onset of ventricular fibrillation. Such a break in mechanism may 
occur with or without the actual occlusion of a coronary artery and with or 
without myocardial infarction. At autopsy, the majority of these hearts are 
found to have sufficient good myocardium to continue functioning under 
slightly altered coronary circulatory conditions. If the importance of cur- 
rents of oxygen differential and mechanism death are appreciated, one can un- 
derstand the sudden death of a supposedly healthy individual who may have 
only a minimal degree of coronary arteriosclerosis. A small area of relatively 
ischemic myocardium may act as a trigger and initiate fatal ventricular 
fibrillation. Conversely, a small amount of red blood, delivered to such 4 
trigger area through intercoronary channels, can be protective and prevent a 
fatal heart attack. 
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“At the crisis of coronary artery ocelusion, the fate of the patient depends 
upon the amount of red blood available to the myocardium beyond the point 
of occlusion.’?® This axiom is fundamental in the understanding of coronary 
disease. Experimentally, the amount of blood available to ischemic myo- 
eardium after ligation of a coronary artery is measured by determining Mautz- 
Gregg backflow.** Backflow is a measure of effective intercoronary anastomo- 
ses. There is excellent experimental correlation between the amount of inter- 
coronary flow and the degree of protection of the dog’s heart against fatal 
ventricular fibrillation and myocardial destruction, following ligation of a 
major coronary artery. It is reasonable to expect similar protection of the 
patient’s heart if coronary occlusion takes place some time after the produc- 
tion of interecoronary channels by surgical operation. 














p a 
: Fig. 2.—Technique of Mautz-Gregg backflow. The circumflex artery is dissected free, 
ligated at its origin, and divided distal to the ligature. The distal end of the vessel is can- 
nulated and the amount of back-bleeding is determined. This measures the amount of blood 
delivered to the circumflex area through intercoronaries from the anterior descending and 


right coronary arteries. Between determinations, the artery is perfused with blood from 
the carotid artery. 


- The average backflow in 67 normal dogs was 228 c.c. per hour. The average backflow 
in {1 dogs in which the protective operation had been done some time prior to measurement 
was 510 ¢.c. per hour. Operation provides an additional 282 c.c. per hour for protection 
of ischemic myocardium. 


After many attempts to divert blood into the heart from outside sources, 
it became obvious that the basic problem is one of uniform distribution of 
the blood already available through the coronary arteries. This is done best 
by creating an anastomotic network of intercoronary vessels. Chronic, com- 
plete occlusion of a major coronary artery is the prime stimulus for the pro- 
duction of intercoronaries. Unfortunately, such occlusion frequently results 
in the patient’s death and time is not available for the development of these 
channels. Clinically, if a patient with adequate intercoronaries, whether pre- 
existing or stimulated by surgical operation, develops an occlusion of the de- 
Scending coronary artery, a lifesaving transfusion of red blood can be deliv- 
ered into the ischemic myocardium through anastamoses with both the left 
cireumflex and right coronary arteries. A small amount of blood, a few cubic 
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centimeters or even drops per minute, can be protective in such a situation. 
The Beck I operation stimulates the production of intereoronary anastomoses 
which protect the heart against the frequently disastrous effects of an uneven 
coronary artery distribution of blood. 

The pain of angina pectoris is due to ischemic myocardium within an 
otherwise well-oxygenated heart. Clinically, a marked total reduction in oxy- 
genation of the heart, such as tetralogy of Fallot, transposition of great ves- 
sels, and so forth, is not accompanied by anginal pain. In infants with ab)- 
normal origin of one of the coronary arteries from the pulmonary artery, a 
large area of cyanotic myocardium is in contact with normally oxygenated myo- 
eardium. It is reported that such infants have typical pain and electro- 
eardiographie findings which duplicate those in patients with coronary 
disease.*? 

The presence of adequate intercoronaries relieves anginal pain and has 
been shown to alter favorably the ischemic pattern of the electrocardiogram. 
The benefits of operation as regards longevity and prevention of additional 
myoeardial infarctions are difficult to establish. Wider experience and longer 
follow-up periods are necessary. Relief of anginal pain and improvement 
in work and exercise tolerance can be evaluated objectively following opera- 
tion and have exceeded expectations. 

About 10 to 20 per cent of patients with coronary disease suffer one myo- 
cardial infaretion after another until eventually there is so much destruction 
ot heart muscle that the patient dies in congestive failure. This type of death 
is known as muscle death. These patients have a sufficient number of inter- 
coronaries to prevent mechanism death as the occlusive process in the coro- 
nary arteries advances. The time interval between sudden mechanism death 
and gradually progressive muscle death can mean years of life to the patient. 
Operation offers the most in benefit and protection during early stages of the 
disease, before the occurrence of irreversible myocardial damage. However, 
a number of patients with far-advanced disease have been operated upon with 
excellent results. 

In order to accept the positive benefits of surgical operation in the treat- 
ment of patients with coronary disease, it is necessary to state exactly what 
operation cannot be expected to do. Operation eannot give the patient a new 
heart; it cannot remove pre-existing myocardial sears; it cannot alter the 
progression of the occlusive process in the coronary arteries; and it cannot 
guarantee that the patient eventually will not die from his disease. These 
limitations are so obvious as scarcely to require emphasis. Yet, only when 
they are recognized ean the true results of operation be appreciated. 


DISTRIBUTION OF PATIENTS 


This report concerns observations made during the surgical treatment of 
71 patients with coronary artery disease. Sixty-five of these patients were 
men and 6 were women. Possible hypertension and diabetes mellitus, which 
frequently accompany coronary disease in women, were investigated, but 
in none of the 6 female patients were either of these diseases found. The 
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patients varied in age from the youngest who was 28 years old to the oldest 
who was 67. Age per se is not a factor in the evaluation of patients for op- 
eration. The physiologic age is the important consideration. 

The statement has been made that, “More than 50 per cent of men over 
the age of 40 have coronary atherosclerosis.’** This is an autopsy figure and 
does not apply to the coronary operation which presently is performed only 
on patients with clinically significant disease, that is, with angina pectoris 
or history of a previous myocardial infarction. The history of the disease in 
the individual patient is the most important factor in making a positive diag- 
nosis. Laboratory studies and electrocardiograms are merely confirmatory. 
Kach of the 71 patients in this series had anginal pain. Sixty-four had electro- 
eardiographie evidence of coronary disease. In the future, it is possible that 
operation will be performed as a prophylactic measure in patients with a bad 
family history. 

ELECTROCARDIOGRAPHIC FINDINGS 

Each patient underwent a standard 12-lead electrocardiographie exam- 
ination. If routine tracings are diagnostic, it is unnecessary to subject the 
patient to a Master’s 2-step test. His work capacity is the best tolerance test 
available. Seven patients had normal routine electrocardiograms; 4 of these 
had positive exercise tests. There was evidence of previous myocardial infare- 
tion in 52 eases; 25 patients had more than one infaret. Six patients had 
evidence of recent myocardial infarction and operation was delayed for a 
period of 6 months. One 35-year-old man had 5 infarets prior to operation. 


He was in congestive failure, had severe angina, and was totally ineapacitated. 
Since operation, he has returned to full-time work and has been almost com- 
pletely relieved of his chest pain. Also, there has been a complete disap- 
pearance of all evidences of heart failure. Seventeen patients had various 
abnormalities of mechanism and conduction; 26 had _ electroecardiographie 
changes due to eardiae hypertrophy. 


TABLE I, ELECTROCARDIOGRAPHIC FINDINGS 
Within normal limits 
(4 of these had positive exercise tolerance tests) 
Mechanism and conduction abnormalities 
(bradyeardia, bundle branch block, delayed intra- 
ventricular conduction, ete.) 
Cardiac hypertrophy 2 
(right and left ventricular and atrial) 
Myocardial infarcts 52 
(anterior, posterior, septal, recent, and remote) 
Positive exercise tolerance test 10 
Negative exercise tolerance test 10 














The standard 12-lead electrocardiograms of 71 patients with coronary artery disease 
were reviewed. Seven of these were normal, The other 64 supported the clinical diagnosis. 
Twenty exercise tolerance tests (Master 2-step) were performed. Ten of these were positive; 
10 were negative. 


ANGINA PECTORIS 

A positive finding in the history of each patient was the periodic occur- 
rence of severe chest pain brought on by exertion, emotional upsets, cold, 
and eating. The two stimuli which almost invariably caused anginal pain 
were exposure to cold and sexual intercourse. Based on the number and 
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severity of attacks, 12 patients were classified as having mild to moderaie 
angina (1 to 5 attacks per week); 48 had severe angina (1 to 5 attacks per 
day); the remaining 11 had status anginosus (more than 5 attacks per day) 
and essentially were incapacitated. 

In almost every case being considered for surgery, the patient tends to 
minimize his symptoms. In spite of the fact that he usually has been through 
a long and unsuccessful series of medical treatments, he continues to hope 
that he is not quite sick enough to require an operation. Frequently, the 
patient’s wife gives a much more accurate picture of the severity of the dis- 
ease. This preoperative minimizing of symptoms is accentuated in those cases 
in which early postoperative improvement occurs. When the patient is re- 
lieved of his previous chest tightness and substernal oppression, he is more 
likely to talk about it. 

Three patients presented with atypical chest pain of recent origin. No 
definite diagnosis could be made. In such instances, a 6-month observation 
period is advisable. The nature of the disease process, if any, usually will 
become clear during this time. 


TABLE II. ANGINA PECTORIS 

Mild to moderate 

(1 to 5 attacks per week) 
Severe 

(1 to 5 attacks per day) 
Status anginosus 

(more than 5 attacks per day, unable to walk 
50 feet, or climb one flight of stairs) 





The severity of angina pectoris occurring in 71 patients with coronary artery disease 
was classified as to intensity and frequency of attacks. Patients with severe angina were 
markedly restricted in their activities. Those with status anginosus were essentially totally 
incapacitated. 





X-RAY FINDINGS 


Cardiac fluoroscopy and 4 projection chest films of each patient were 
obtained prior to operation. Thirty-four had x-ray evidence of cardiac en- 
largement. This usually was noted as posterior bulging of the left ventricle 
over the thoracie spine in the left anterior oblique projection. It is interesting 
that an enlarged heart was found in 48 eases at operation. It is preferable 
to operate before the disease has progressed to the stage of eardiae enlarge- 
ment, but slight to moderate cardiomegaly is acceptable if other contraindica- 
tions are not present. 

Additional x-ray findings were noted in a number of patients, as follows: 
dilatation and tortuosity of the aorta in 25; aortic calcification in 18; areas of 
pulmonary ealcification due to histoplasmosis in 3; calcification in the coro- 
nary arteries, which was confirmed at operation, in 2; large aneurysm ot leit 
ventricle in 1; and marked ecardiae enlargement with bilateral pleural ef- 
fusions in 1, 

CHOLESTEROL 


There has been recent emphasis upon abnormal metabolism of cholesterol 
as a possible important factor in the development of atherosclerosis and, more 
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specifically, of coronary atherosclerosis. Cholesterol levels were determined 
for each of the 71 patients in this series. The average level was 340 mg. per 
cent. This is significantly higher than the accepted upper limits of normal. 
One patient, with a familial history of hypercholesterolemia, had a cholesterol 
level of 590 mg. per cent. 

ASSOCIATED DISEASES 


During preoperative studies, a number of associated diseases were noted. 
If such a disease is potentially more lethal than the coronary disease, such as 
an uncontrolled malignaney, operation is not performed. However, mild de- 
grees of serious illnesses are not contraindications. Hypertension was present 
in 27 patients in whom operation was performed successfully. A past history 
of hypertension, followed by normotension or hypotension after one or more 
myocardial infarctions, is of prognostic significance. It indicates advanced 
myocardial destruction and a higher risk for operation. 


Seven patients had diabetes mellitus which was undisturbed by operation ; 
5 had emphysema; 3 had previous cerebral vascular accidents with recovery ; 
2 had hypersensitive carotid reflexes; and one had marked hypothyroidism 
following radioactive iodine therapy for relief of his anginal pain. When the 
latter was kept at myxedema levels, he was comfortable. When he was made 
euthyroid with larger doses of thyroid extract, he developed intractable an- 
gina. This patient has been followed for 11 months since operation. At pres- 
ent, he is working full time without angina and is taking adequate doses of 
thyroid extract. Four patients had peripheral vascular disease with intermit- 
tent claudication; 2 had remote poliomyelitis with residual mild paralysis; 
and 3 had inguinal hernias. 


One patient presented the unusual finding of bilateral ‘frozen shoulders,” 
that is, complete fibrous ankylosis of these joints. During 6 weeks of bed rest, 
following a previous myocardial infarction, he had been instructed “not to 
move a muscle.” 

The number of laboratory studies and special examinations is kept to a 
mininum. For example, gall-bladder and gastrointestinal x-rays are obtained 
only if indicated. 

SELECTION OF PATIENTS FOR OPERATION 


A definite diagnosis of clinically significant coronary disease, that is, pres- 
ence of angina pectoris or history of a previous myocardial infarction, is the 
indication for operation. The usual contraindications to major surgery, such 
as renal failure and pulmonary insufficiency, apply. The presence of heart 
failure, as manifest by peripheral edema, pleural effusions, elevated venous 
pressure, prolonged circulation time, and cardiac enlargement, indicates se- 
vere myocardial damage and far-advaneed disease. Patients with such find- 
ings are poor surgical risks. 

Operation should not be performed for a period of 6 months following a 
myocardial infaretion. If an infaret is impending, as suggested by a history 
of rapid progression of symptoms, persistent elevation of the sedimentation 
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rate, or suspicious electrocardiographic changes, operation is delayed. Th 
patient is observed earefully for a 6-month period. Such an observation 
period was advised in 8 eases in this series. All 8 patients were re-evaluated 
after 6 months. Their disease was stable and they were operated upon with- 
out incident. 

A thorough preoperative evaluation usually can be accomplished within 
a few days. If the diagnosis is definite and the patient is an acceptable candi 
date, operation is advised. 

PREOPERATIVE PREPARATION 

Every patient is adequately digitalized before surgery. <A total dose of 
1.6 mg. of digitoxin is given over a 48-hour period. The maintenance dose is 
0.1 mg. per day. Digitalis decreases the irritability of the heart, particularly 
during epicardial abrasion. It decreases the incidence of various supraven- 
tricular arrhythmias which frequently occur during induction and main- 
tenance of anesthesia: It also aids in maintaining normal stroke volume and 
heart rate during operation. Patients who are digitalized run a much 
smoother course during cardiac surgery than do those who are not digitalized. 
Digitalis usually is discontinued on the seventh postoperative day. If the 
heart is enlarged, it is continued indefinitely. 

Antibiotics are started 24 hours before operation. Therapeutic doses of 
penicillin and streptomycin or one of the broad spectrum antibiotics may 
be used. 

Blood is typed, cross-matched, and available for every case. However, in 
the last 41 consecutive operations, transfusion has been unnecessary. 

The patient is prepared as for any major thoracic procedure. He is given 
specific instructions in controlled breathing, effective coughing, and thoracic 
cage and left shoulder exercises by the physiotherapy department. Smoking, 
particularly of cigarettes, is discontinued. The presence of a postoperative 
thoracic drainage tube and nasal oxygen catheter is anticipated. 

The physiology of the coronary operation is explained. Positive benefits 
as well as limitations are defined. The patient is prepared to accept improve- 
ment without expecting miracles. 

A cleansing enema is given the evening before operation. A restful 
night’s sleep is assured with adequate doses of Nembutal. Demerol (75 to 
100 mg.), atropine (0.6 mg.), and Crystodigin (0.1 or 0.2 mg.) are admin- 
istered hypodermically one hour before operation. 


ANESTHESIA 


Induction and maintenance of anesthesia is of special significance in the 
coronary operation. If there is persistent hypotension or eardiae arrhythmias 
which do not respond to observation, aeration of the lungs with 100 per cent 
oxygen, and moderate doses of atropine, operation is canceled. In such cases 
it is not advisable to attempt to carry the patient through surgery by sup- 


porting the blood pressure with vasoconstrictors. Three patients were observed 
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who had persistent hypotension during their “test of anesthesia.” One de- 
veloped acute pulmonary edema from which he gradually recovered. Another 
had temporary disappearance of pulse and blood pressure. These returned 
spontaneously, and the patient was observed for several days for the possi- 
bility of a fresh myocardial infarction. Both of these patients died of their 
disease within 3 months of discharge from the hospital. 

Induction must be smooth and endotracheal intubation must be skillful. 
Anesthesia is maintained at a high plane. Relaxation is obtained by using 
intravenous relaxants as needed. The Rand-Wolfe mechanical respirator is 
used and recommended. It provides excellent inflation of the lungs, while per- 
mitting the anesthetist to administer drugs and fluids and observe the electro- 
cardiogram. If there is evidence of myocardial ischemia or tachycardia at 
any time during the operation, the procedure is stopped and the lungs are 
rhythmically inflated with 100 per cent oxygen. Additional doses of atropine 
are given as necessary to correct nodal rhythm, A-V block, and so forth. 
Lanatoside C (Cedilanid, 0.2 to 0.4 mg.) is given intravenously for supra- 
ventricular tachyeardias. Ventricular extrasystoles are treated with repeated 
doses of intravenous procaine amide (100 mg.) as necessary. 


1 


Fig. 3.—The Beck-Burke retractor, specifically designed for the Beck I operation for 
coronary artery disease. It provides excellent exposure of the heart with minimal compres- 
sion of the lung. (Manufactured by the Kapp Surgical Instrument Co., 2004 St. Clair Ave., 
Cleveland, Ohio. ) 


OPERATIVE TECHNIQUE 

After satisfactory induction of anesthesia, the patient is positioned with 
the left chest up and turned slightly backward. The blood pressure and 
cardiac rhythm, visualized on the oscilloscope, are observed carefully. The 
entire left thorax is prepared in the usual manner. Incision is made through 
the left fifth intercostal space and extends from the sternal border to the 
anterior axillary line. If the patient has an unusually long thorax, the sixth 
intercostal space may be used. The latissimus dorsi and serratus anterior 
muscles are undereut and retracted, rather than being divided. This reduces 
the amount of postoperative discomfort. The intercostal muscles may be 
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divided as far posteriorly as necessary. The fifth and sixth ribs are separated 
slowly and gently for a distance of about 4 inches. A newly developed instru- 
ment, the Beek-Burke retractor, is inserted into the thoracic cage transversely 
and then turned so that the blade lies in the pericardiopulmonary groove. 
This instrument provides excellent exposure for the entire operation. The 
smooth metal surface reduces the incidence of pleural reaction and adhesions. 
It may be removed quickly to allow maximum expansion of the lung, when- 
ever necessary. 

When satisfactory exposure is obtained, the pericardial fat pad is dis- 
sected free without disturbing its blood supply. This fat is used as a vascular 
graft to the surface of the heart. The pericardium is opened from apex to 
base, just anterior to the phrenic nerve. This incision is held open with trae- 
tion sutures. 

The heart is examined carefully for location and extent of disease. 
Cardiac enlargement was found in 48 of 71 patients in this series. Enlarge- 
ment was due to diffuse ventricular fibrosis with dilatation or a localized 
aneurysm. <A pericardium which is stretched tightly over the ventricles and a 
decreased amount of pericardial fluid indicate an enlarged heart. 

In 35 eases the amplitude and quality of myocardial contraction were 
reduced. Ventricular pulsations were weak and appeared ineffective. This 
evidence of decreased myocardial tone indicates a large amount of replace- 
ment of heart muscle with sear tissue. Such badly damaged hearts frequently 
may remain unusually stable throughout the operation. 

Evidence of electric instability, manifest as bursts of ventricular tachy- 
cardia, alterations in the S-T segment, and extrasystoles were observed in 8 
eases. In 4 of these, prompt improvement was noted almost immediately after 
partial ligation of the coronary sinus. This improvement occurred with the 
elevation of the venous pressure and the onset of generalized cardiac cyanosis. 
Perhaps the immediate opening up of interecoronary channels with even dis- 
tribution of oxygen plus increased oxygen extraction from the capillary bed 
caused these dramatic changes. 

The coronary arteries are observed for atheromatous streaking or beading 
and for the absence of normal pulsations. These pathologie changes are seen 
best in the branches of the anterior descending and left cireumfiex arteries. 
The common left is palpated gently for thickening and ealecification. The 
presence of severe inflow obstruction is of serious prognostic significance. 
Definite evidences of marked coronary artery disease were observed in 69 
patients. The abnormalities were thickening and calcification of common left 
in 11; beading, streaking, and absent pulsations of anterior descending ar- 
teries in 49; left circumflex arteries in 28. 


Fifty-nine patients had one or more infarcts, identified as pale grayish- 
white sears, retracted beneath the epicardial surface. They varied in di- 
ameter from a few millimeters to 6 or 7 em., and a number of them exhibited 
paradoxical pulsations. The locations of these infarcts, identified at opera- 
tion, were as follows: 45 posterior, 20 anteroseptal, and 18 apical. Diffuse 
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fibrosis of the left ventricle was present in 12 cases. In only one instance 
was a clinically suspected infarct not found at operation. Subendocardial 
fibrosis, of course, cannot be seen on the epicardial surface. Forty-three 
areas of remote myocardial infaretion were found at operation which had not 
been identified on our routine preoperative electrocardiograms. 


The 30 patients in whom there was evidence of far-advaneced disease with 
severe myocardial damage were classified as salvage cases. Although past 
experience indicates that some of the best results clinically are obtained in 
this group, the extent of the disease process requires a guarded prognosis. 
Nineteen patients had moderately severe disease and were considered fair 
eases for operation. Results are difficult to predict in this group. If the 
progress of the disease does not exceed the benefits of operation, improvement 
may be marked. In 22 eases, the disease process was relatively early with 
slight to moderate myocardial damage. These patients were classified as good 
eases for operation. Frequently, they had the most severe symptoms and the 
most dramatic improvement after operation. 


TABLE III. OPERATIVE FINDINGS 








Cardiac enlargement 
(Generalized dilatation and localized aneurysm) 
Reduced myocardial contraction 
Electric instability 
(Tachycardia, extrasystoles, S-T alterations, etc.) 
Abnormalities of coronary arteries 
(Thickening, calcification, and absence of pulsations) 
Myocardial infarcts, one or more 
(Anterior, posterior, lateral, diffuse fibrosis of left ventricle) 
CLASSIFICATION 
Good Minimal or moderate disease; anticipate good or 
excellent result 
Fair Severe disease; difficult to predict result 
Salvage Extremely severe, far-advanced disease, extensive 
myocardial degeneration, aneurysm formation, 
ete.; guarded prognosis 














The hearts of 71 patients were examined carefully at operation. The findings of coronary 
artery disease were tabulated within the various groups of abnormalities. Patients were 
classified as good, fair, or salvage cases for operation. 


The Beek I operation for coronary disease has 4 components which con- 
tribute to the formation of extracoronary and intereoronary anastomoses. 


1. Pericardial-Epicardial Abrasion.—The entire lining of the pericardial 
sae is abraded thoroughly with special burrs. The epicardium is abraded 
similarly. Care is taken to avoid rupturing the coronary vessels. Surface 
bleeding usually can be controlled by pressure. Occasionally, a carefully 
placed hemostatie stitch may be necessary. The mechanical trauma of the 
abrasion stimulates an inflammatory response which is accompanied by the 
proliferation of vascular adhesions and intereoronary channels. During the 
epicardial abrasion, particular attention is given to the posterior diaphragmatic 
surface and to the apex of the heart. 


2. Partial Ligation of Coronary Sinus.—This is the most difficult step in 
the operation. It has received considerable comment. When there is reduction 
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in coronary artery inflow and an uneven distribution, coronary sinus ligation 
is beneficial. It stimulates the formation of interecoronaries and an even (is- 
tribution of coronary flow. It also causes increased extraction of oxygen by 
the myocardium. Good exposure is necessary in order to pass a suture around 
the sinus. A second incision is made in the pericardium posterior to the 
phrenie nerve and extended as a “T” back to the sinus. The fat beneath the 
sinus is dissected free carefully and held downward with traction sutures. 
The needle is inserted directly into the right atrium, below and parallel! to 
the sinus. Then, it is turned 90 degrees and brought out above the sinus and 
the suture is tied tightly over a 3 mm. probe. This reduces coronary venous 
return but does not obstruct it completely. 

3. Application of Inflammatory Agent.—After completion of the peri- 
eardial-epicardial abrasion and partial ligation of the coronary sinus, the 
entire surface of the heart is coated lightly with 0.2 Gm. of finely ground 
asbestos. This material has been found to be the best stimulus to inflammation 
and the formation of intercoronaries. Care is taken to obtain good coverage 
of the posterior diaphragmatic surface, the apex, and the base of the heart. 
Intereoronary anastomoses form most abundantly in these regions. The con- 
tinued stimulus to the formation of vascular adhesions and intercoronaries 
has never resulted in compression of the heart. 

4. Grafting of Mediastinal Fat-—The final step in the operation is the ap- 
plication of mediastinal fat grafts to the surface of the heart by suturing them 
beneath the pericardial edges. The pericardium itself is not closed tightly. 
This allows any accumulation of fluid within the pericardial sae to escape 
easily. 

All fluid is evacuated carefully from the chest. A large drainage tube is 
placed in the posterior paravertebral gutter and brought out through a stab 
wound in the ninth intercostal space in the midaxillary line. The chest wall 
is closed in layers with silk. The patient is turned onto his back and the endo- 
tracheal tube is removed. Ideally, the patient should respond from the an- 
esthetic almost immediately. 

OPERATIVE MORTALITY 

The single factor which has been most important in impeding the wide- 
spread application of surgical therapy to patients with coronary disease has 
heen the fear of an excessively high operative mortality. In this series of 71 
operations for coronary disease, in which only 22. patients were good cases, 


there was one operative death. This is a mortality of 1.4 per cent. The death 
in this present group occurred in a patient with extremely severe disease. He 
developed irreversible ventricular fibrillation during operation. At autopsy, 
there was complete occlusion of both branehes of the left and 75 per cent 
occlusion of the right coronary artery. In addition, there was a calcified 
aneurysm involving two-thirds of the left ventricle. 

Operative mortality depends upon the proper selection of candidates. 


Recently, Beek has reported a series of 100 consecutive operations for coro- 
nary disease without a single fatality... If operation is performed on high- 
risk patients, a proportionately high operative mortality may be expected. 
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Number 

However, if operation is performed on patients carly in the course of their 
disease, before irreversible myocardial damage has occurred, mortality will 
be acceptably low and the best results will be obtained. 


POSTOPERATIVE CARE AND COMPLICATIONS 

Usually, the postoperative course is remarkably uncomplicated. Patients 
are out of bed and taking oral nourishment within 12 to 24 hours. The diet 
is advaneed as rapidly as tolerated. Nareoties are given to control incisional 
pain, but rarely are needed for more than 3 to 4 days. Nasal oxygen is admin- 
istered at 6 L. per minute for 24 hours. Coughing, deep breathing, and chest 
exereises are started immediately after operation. There is moderate drain- 
age of serosanguinous fluid through the chest tube for 36 to 48 hours. The 
tube is kept on constant suction (minus 4 to 6 em. of water) during this 
period. It is removed when the drainage stops. Sutures are removed on the 
seventh postoperative day. The average hospital stay is 12 to 14 days after 
operation. 

There were 13 postoperative complications in this series. Two patients 
had fresh myocardial infarctions with pain and typical electrocardiographic 
changes. Both recovered rapidly and left the hospital feeling well. There 
were 2 transient cerebrovascular accidents with complete recovery. One pa- 
tient had an embolus to the left femoral artery which was removed with satis- 
factory restoration of circulation. There were 2 cases of thrombophlebitis 
of the leg with pulmonary embolus. Both were treated conservatively with 
good results. Three patients had hypotension for several hours following 
operation. One of these was treated with intravenous norepinephrine through 
a saphenous vein cut-down. He developed a skin slough over the ankle. This 
was excised and covered with a split thickness skin graft. There was one 
wound infeetion. This required removal of several infected costal cartilages 
hefore it healed. One case of postoperative pneumothorax was treated with- 
out aspiration. One case of pleural effusion required thoracentesis. 


EARLY BENEFIT FOLLOWING OPERATION 


In a large number of patients, an improvement in symptoms oceurred 
within a few days after operation. Many felt marked relief from previous 
substernal oppression and constriction. A number of patients reported being 
able to climb steps and walk corridors without pain, after being ineapacitated 
by angina preoperatively. Others reported a marked reduction in the num- 
ber of nitroglycerine tablets which were needed. It is recognized that the 
patient is hopeful for improvement and every effort is made to avoid undue 
enthusiasm. Patients are encouraged to report positive improvement only 
When it is definite. 


Karly postoperative improvement was noted in 41 eases (58 per cent of 
total). It has been shown experimentally that a small amount of blood de- 
livered to ischemic myocardium ean influence the electrocardiogram favor- 
ably. Operation stimulates a prompt inflammatory response with an increase 








408 


in 


epicardial-pericardial 
is somewhat dramatic, it is acceptable. 


RECENT ADVANCES IN SURGERY 


plain these gratifying early results. 


vascularity. 


Although 


LATE RESULTS OF OPERATION 


this 
Studies are in progress to help ex- 





early improvement 


Close contact has been maintained with every patient following operation 


for periods of 6 months to 2 


TIENT 
G. F. 


r. B. 


R. L. 


PA- | 


AGE a, 


44 


49 





11 


12 


13 





wk. 


mo, 


mo, 


mo. 


mo. 


mo. 


mo, 


mo, 


mo, 


PREOPERATIVE 
STATUS 


1 wk. Progressively severe 


angina; operation 
postponed once 


Progressively severe 
angina 


Severe angina 


Severe angina for 
several years 


Progressively severe 
angina; operation 
postponed once 


Severe angina 


Status anginosus 
with nocturnal 
angina 


Severe angina 


Progressively severe 
angina 


Severe angina 


OPERATIVE 


| FINDINGS 





Transient hypoten 
sion; reduced 
pulsations; large 
posterior infarct 


Transient hypoten- 
sion; enlarged 
heart; apical aneu 
rysm; 2 large in- 
farets; calcifica 
tion common left; 
salvage 


Enlarged heart; re- 
duced pulsations ; 
2 large infarcts; 
almost salvage 


Caleification common 


left 


2 large infarcts; se- 
vere coronary ar- 
tery sclerosis 


Large infarct; se- 
vere coronary ar- 
tery sclerosis 


Enlarged heart; elec- 


tric instability ; 
marked coronary 
artery sclerosis; 2 
large infarcts; 
salvage 


Enlarged heart; re- 
duced pulsations; 
diffuse fibrosis ; 
salvage 


Marked coronary ar- 
tery sclerosis 


Transient hypoten- 
sion; electri¢ in- 
stability; marked 
coronary artery 
sclerosis; almost 
salvage 


years. During this time, 10 patients have expired 


TABLE IV. LAtTeE DEATHS FOLLOWING OPERATION 


COMMENT 
Fatal massive antero 
septal infarct 1 week 
postoperatively 


Early improvement; re 

hef of pain; died in 
sleep, 3 days after 
discharge 


—_ 


Sarly improvement; re 
lief of pain; fatal 
anteroseptal infarct 
4 months postopera 
tively 


— 


“xeellent result; 
marked relief of pain; 
worked 7 months 
without restrictions 


Good result; marked 
relief of pain; 
worked 9 months 


Excellent result; 
marked relief of pain; 
worked 9 months 
without restrictions; 
died in failure 


Good result; marked 
relief of pain; died 
in failure 


Fair result; moderate 


relief of pain 
Good result; marked 

relief of pain; 

worked 14 months 
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owing to progression of their disease. The over-all late mortality is 14.3 
per cent. Five of these patients had marked relief of symptoms and were 
able to return to work. They had excellent or good results from operation. 
Each late death has been reviewed and the findings tabulated. 

The question of length of survival of patients with coronary disease is so 
confusing that no attempt is made to compare survival percentages in series 
of operated and unoperated eases. Lindgren reported a 30 per cent mortality 
in a group of 88 patients with coronary disease who were followed for 2 
years.°* According to Katz, “Roughly one-fourth of the patients having a 
recent myocardial infaretion would be dead at the end of 2 months. Almost 
one-half would be dead at the end of the year and about two-thirds at the 
end of 3 years.”®® Other authors have been much more optimistic in their 
prognosis for patients with coronary disease. 

After operation and discharge from the hospital, patients are advised to 
return gradually to full activity over a 6- to 8-week period. A progress evalu- 
ation is made at the end of 8 weeks and usually a return to work is advised. 
After this, activities are limited only by the patient’s sense of well-being or 
the occasional recurrence of anginal pain. Nitroglycerine is used whenever 
necessary. The failure of this drug to relieve incisional pain distinguishes 
it from angina pectoris. 

Of the 71 patients who underwent operation, 60 were alive and could be 
evaluated 6 months to 2 years postoperatively. Every patient was examined 
by personal or telephone interview or by questionnaire. Each was asked to 
compare pre- and postoperative general sense of well-being, frequency and 
severity of attacks of angina pectoris, number of nitroglycerine tablets used, 
and ability to work in usual occupation. Each was asked to compare the 
discomfort and inconvenience of operation with results in his individual ease. 
All of the foregoing factors were considered carefully and the over-all resuits 
of operation were classified objectively by each patient as excellent, good, 
fair, or unsatisfactory. The best and only test of improvement is the ability 
of the patient to earry on his normal activities with less pain and disability 
and fewer restrictions. The patient is the only one who ean compare his pre- 
and postoperative status and evaluate whether or not there has been improve- 
ment. Nine out of 10 patients reported either good or exeellent results of 
operation. This is entirely in line with previously reported studies. 


SUMMARY 


Coronary artery disease, with its high yearly mortality and morbidity, 
is the most important medical problem which currently is under investigation. 
Present-day medical therapy has not solved this problem. Since a high per- 
centage of the mortality is due to electric instability of the heart and mech- 
anism death, efforts should be directed toward providing an even distribution 
of available blood throughout the myocardium. This can be done best by stimu- 
lating the production of intercoronary anastomoses. These channels provide 
blood to ischemie myocardium when it is needed most, that is, at the crisis 
of coronary occlusion. Adequate intercoronaries and an even distribution 
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of blood ean protect against a fatal heart attack, can reduce the amouni of 
myoeardial destruction following coronary occlusion, and can relieve the pain 
of angina pectoris. 

The Beck I operation, which stimulates the production of intercoronary 
channels and an even distribution of coronary blood flow, should be performed 
on patients with clinically significant disease, if there is no contraindication. 
Proper selection of patients for operation is highly important. 

In a group of 71 patients with coronary disease who were treated by 
surgical operation, the mortality was 1.4 per cent. Early postoperative im- 
provement of symptoms occurred in 58 per cent of this group. Each patient 
was followed for 6 months to 2 years after operation. During this period, 
10 patients (14.3 per cent) died owing to progression of their disease. The 
late results of operation are similar to and as graftifying as those which have 
been reported in other series. Nine out of 10 patients (88.3 per cent) are 
relieved of anginal pain completely or almost completely and are back to work 
without or almost without restriction. 


TABLE V. LATE RESULTS OF OPERATION 


(Each patient followed 6 months to 2 years) 














NUMBER PER CENT 
Exeellent or good 53 88.3 
(Complete or almost complete relief of angina 
pectoris; ability to work completety or almost 
completely without restriction ) 
Fair 6 10) 
(Moderate improvement) 
Unsatisfactory l 1.7 
(Benefit of operation exceeded by progression 
of disease) 
7. Total 60 100 
Seventy-one patients underwent the Beck I operation for coronary artery disease. 
There was one operative death. Ten patients died during the follow-up period owing to 


progression of their disease. Late results of operation were ascertained in the 60 patients 
who were alive and could be evaluated 6 months to 2 years postoperatively Almost 9 out 
of 10 were so much improved as to be classified as good or excellent results of operation 


In view of the continued and increasing importance of the coronary 
problem and in view of the availability of a safe and effective method ot 
therapy with a predictable high percentage of good or excellent results, i 
scems certain that surgical operation will be applied ever more widely in the 
treatment of this disease. 


[ wish to acknowledge gratefully the encouragement and assistance provided by Dr. 
Claude 8. Beck during the period in which the material for this paper was obtained. 
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Acute ‘‘Asymptomatic’’ Appendicitis 

Everyday surgical practice sometimes holds great surprises. Even the 
most inured surgeons can be the victims of diverse aspects that acute ab- 
dominal processes present and be led to make lamentable errors in diagnosis 
that lead to retarded surgical treatment. 

An acutely inflamed appendix can conceal from us its advanced pathologic 
alteration for many hours—the most valuable hours—during which its simple 
eradication might effect a complete cure. 

Numerous factors unite to mitigate the clinical aspect of a seriously acute 
appendicitis. In one case it may be the age of the patient, in another the 
position of the viscera, the organic conditions, the virulence of the germs, 
and so forth. 

During years of surgery I have encountered at least a dozen cases of 
acute appendicitis ‘‘without symptoms’’ upon which I have operated prema- 
turely with suecess. I refer to those symptoms that can justify a diagnosis 
with certainty, not to the total absence of symptoms because the patient has 
asked for a consultation for the reason that something causes him discomfort. 
This refers to cases in which the first diagnostic impression does not lead us 
to think of appendicitis, and we might continue not thinking of it for many 
hours. 

The majority of surgeons know very well that, faced with an acute 
abdominal condition, they must direct their attention, before anything else, to 
the appendix. That is why a large number of diagnoses or, at any rate, 
indications of the need to operate for appendicitis are induced by that convie- 
tion, even without great expectations of having diagnosed correctly. But the 
surgeon also knows that if he has been mistaken nobody ean criticize his sur- 
gical conduct. Today it is no longer disputed that ‘‘it is better to operate 
rather than wait because of doubt,’’ and that all deaths in acute eases of 
appendicitis are due to lamentable delay in surgical treatment. These are 
facts proved beyond all controversy. 

These patients generally suffer from digestive discomfort of insidious 
origin, with or without epigastric pain of varying degree, or at other times 
general symptoms suggest acute gastroenteritis. This is blamed on some article 
of food or on a digestive disorder. Habitually there is nausea, but often this is 
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absent, and in the right iliae fossa there is no pain for at least 10 hours. 
perature in the rectum is moderate with normal or a fractional rise in temper: 
ture at the axilla. 

On examining the patient there is the impression that there exists 
acute condition without its being possible to locate its origin. Often there is 
constipation, but there can be diarrhea. There is distinet meteorism, and an 
exploration of the abdomen only allows one to get a vague impression of 
diffuse inflammation without localizable characteristics. There is, I repeat, 
no pain in the right iliae fossa for at least the first 10 hours. 

The doctor’s visits to the patient, in view of the existence of such condi- 
tions, must be frequent, above all in cases of very young or old people. It is 
in such as these that one most frequently finds this special type of acute 
appendicitis without appendicular symptoms. 

In one of the consecutive examinations—examinations that must always 
begin by pressure of the fingertip on MeBurney’s point—and after the lapse 
of several hours there is suddenly provoked a brief pain that is transitory 
and deep and that disappears immediately. It is a pain that is sometimes in- 
tense but always brief. Further pressure of the finger does not provoke the 
pain again. I have ealled it “‘lightning pain.’’ To me it is a characteristic 
indication of great value. 

We must not forget to begin the abdominal examination by looking for 
the “‘lightning pain.’’ If our palpation begins, as it habitually does, at the 
epigastrium or at the left iliae fossa, it is probable that we shall find no 
response to the pressure of the fingertip inserted, as the first procedure, at the 
MeBurney point. Although the general condition of the patient may have 
improved and there is no raised temperature at the axilla, with that at the 
rectum somewhat high, we must operate immediately. We shall be surprised 
to find a phlegmonous appendix with patches of necrosis or one openly 
abseessed, taut, at bursting point, well protected by a fibrinous barrier, and 
with little contiguous reaction. 

If we reeall the clinical histories of the patients who died because they 
were operated upon too late, we shall find that in all these eases there was 


a period wrongly called ‘‘asymptomatic’’ that caused the loss of hours and 
hours until the period of evidence arrived with perforation and generalized 
I 


peritonitis. 
—Ivan Goni Moreno 
Parana 989,80A 


Buenos Aires, Argentina 
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LUMBAR SYMPATHECTOMY IN THE TREATMENT OF OBLITERA- 
TIVE VASCULAR DISEASE OF THE LOWER EXTREMITIES 


REGINALD H. Smiruwick, M.D., Boston, Mass. 


UMBAR sympathectomy has been extensively employed in the treatment of 
obliterative vascular disease of the lower extremities for over 30 years, 
since Royle’® demonstrated that following lumbar ramisectomy the blood flow 
to the feet and legs was enhanced. In spite of this fact, there still is a difference 
of opinion regarding the value of this operation in the treatment of peripheral 
vascular disease. The literature on this subject in recent years emphasizes the 
lack of satisfactory methods for selecting patients for operation which permit 
one to predict a good result with reasonable accuracy. In the minds of many, 
the outcome is still in the realm of speculation. In recent years, also, much more 
interest has been shown in the direct approach to peripheral vascular disease. 
As a consequence, the literature abounds with articles pertaining to grafting 
procedures and to endarterectomy with only a comparatively rare reference to 
sympathectomy. I suspect that in some elinies, sympathectomy has been almost 
completely by-passed in favor of direct surgery. 

The purpose of this discussion is to emphasize that patients can be selected 
for sympathectomy with reasonable accuracy. I shall also comment on the in- 
dications for indirect (sympathectomy) and direct surgery in the treatment of 
obliterative vascular disease of the lower extremities. 

The effect of sympathectomy upon the peripheral circulation is physiologic 
in nature. In order to predict the outcome, appropriate studies are needed 
before and after operation which will demonstrate the physiologic effect. In 
addition to this, certain physical information regarding the state of the periph- 
eral circulation is essential. Failure to obtain the necessary data before and 
after operation is the basic reason why the selection of cases for sympathectomy 
is unsatisfactory today and the outcome unpredictable or speculative for the 
most part. 

In approaching this problem I am going to fall back upon my own expe- 
rence during the past 30 years which has resulted in the development of a 
method of study which is satisfactory in most respects and which I hope will 
soon lead to a satisfactory plan in every respect. This method of study was first 
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described in 1952'* and will be presented as briefly as possible. The resu! 
which can be expected will be illustrated and then discussed in relation to tly 
experiences of others. 

In order to predict the outeome of operation with reasonable accuracy, it is 
essential to have the following information about the extremity in question 
First, in the category of physical data, it is important to know the status of 
the main vessel pulsation and the flushing time of the extremity. Seeond, 
physiologic data are necessary to evaluate the aetivity of the vasomotor system. 
These are obtained by carrying out certain skin temperature studies and }y 
means of digit plethysmography. This information is then correlated as will be 
deseribed, thus resulting in certain eriteria which must be met if one is to pre- 
diet, with reasonable accuracy, that sympatheetomy will be worthwhile. 


PHYSICAL EVIDENCE 


The Main Vessel Pulsations.—It is essential that the main vessel pulsations 
be accurately recorded sinee the findings serve as a basis for dividine the ex- 
tremities into 4+ categories (Table I). 


TABLE I. PULSE CATEGORIES 
| _ FREQUENCY AMONG 100 
SYMPATHECTOMIZED LOWER 
TYPE | CRITERIA EXTREMITIES 


lL  ~— No pulses absent 13% 

II Popliteal present, one or all pulses absent 32% 
below this level 

III lemoral present, popliteal absent D0% 

IV Femoral absent % 


In the first, type I, no peripheral pulses are absent, but the foot or anterior 
tibial pulses may be decreased in magnitude. In type I], one or all of the pulses 
below the popliteal are absent. The popliteal pulse must be present but may 
be decreased in magnitude. When the femoral pulse is present and either 
normal or diminished but the popliteal is absent, the extremity is type III. 
When all pulses are absent ineluding the femoral, it is type IV. Table I also 
indicates the frequency of the different pulse types among 100 consecutive 
extremities studied in the fashion under discussion, which met the criteria neces- 
sary to predict the outcome of operation with reasonable accuracy and which 
were sympathectomized. 

In general, the more extensive the obliterative process, the more active the 
vasomotor mechanism must be in order to predict with aceuracy that the cireu- 
lation to the foot will be increased sufficiently to justify operation. It is not, 
however, necessary that the vasomotor system always be abnormally active as 
will be pointed out later. It must be sufficiently active for the pulse type under 
consideration. 

It is unfortunate but true that medical students, interns, and even residents 
of considerable experience are quite inaccurate about their evaluation of periph- 
eral pulses. Almost invariably, they describe the pulses incorrectly. The most 
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common error is feeling pulses which are not present. Unless an experienced 
surgeon makes a definite note about the state of the main vessel pulsations, the 
record almost certainly is incorrect and is not suitable for the analysis and 
study of the results of sympathectomy. Fig. 2 illustrates type I pulses; Figs. 
3 and 4, type II pulses; Figs. 4, 5, and 6, type III pulses; and in Fig. 7, the 
extremity had type IV pulses. 

The Flushing Time.—The more extensive the obliterative process, the more 
dependent is the extremity upon collateral circulation for its survival. The 
more extensive the obliterative process, the more rapidly the toes and the foot 
blanch when the extremity is elevated. The poorer the collateral, the more 
slowly does blood return to the toes and the foot when the leg is in the dependent 
position after blanching has been induced by elevation. For many years, I 
have made a particular point of observing the flushing time and correlating it 
with the outcome of sympathectomy, of minor amputations, and the incidence 
of major amputation. Some years ago, I reached the conelusion that if flushing 
commences in the toes after 20 seconds or less of dependeney the collateral eir- 
culation is adequate and the chances are very good that the extremity ean be 
salvaged. This is a most important bit of evidence in my experience. It is 
obtained by earrying out the test in a good light at ward room temperature. 

The extremity is elevated at an angle of 45 degrees above the horizontal 
and the blanching time is noted, approximately. The patient then sits up, allow- 
ing the extremities to dangle, being certain that they hang freely and that the 
popliteal region is not compressed by the edge of the bed or table. The time 
when a pink color begins to appear in the toes is noted, approximately. On 
further observation this color progresses proximally, involving the foot as a 
whole, and then the veins on the dorsum of the foot commence to fill. Venous 
filling may occur almost immediately if the valves in the saphenous systems are 
incompetent, making the time required for venous filling frequently inaccurate. 
Otherwise, venous filling in 30 seconds or less correlates very well with flushing 
in 20 seconds or less. 

Having made these preliminary observations and acquainted the patient 
with the nature of the test, it is repeated. On the second oceasion, the blanching 
time is timed aeeurately and, most important, the time when the toes definitely 
begin to flush is noted. The time when the veins on the dorsum of the foot be- 
gin to fill is also noted. 

A flushing time of more than 20 seconds carries an ominous prognosis. 
Patients having flushing times between 21 and 30 seconds are in a borderline 
category. Occasionally they may do well following sympathectomy and ocea- 
sionally a minor amputation will be successful. More commonly, a major am- 
putation will have to be performed. If the flushing time is 30 seconds or more, 
the situation is virtually hopeless. 

The one point I wish to emphasize in relation to sympatheetomy and this 
particular test is that in order to meet the criteria which I consider essential 
to a suecessful outcome following operation, the flushing time, as I have de- 
seribed it, must be 20 seconds or less. If it exceeds this time limit, one can be 
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quite certain that the outlook for the extremity is either questionable or hoy: 

less. If one chooses to sympathectomize patients under unfavorable cireun 

stances as judged by this test, he at least will know in advance what the chances 
are for success. This simple observation can go far toward removing sympa 
theetomy for peripheral vascular disease from the speculative category. 


PHYSIOLOGIC EVIDENCE 

Surface (Skin) Temperature Studies—Physieal evidence has been discussed 
briefly. It is important and relatively simple in nature. It can be obtained by 
any physician, since no special equipment is needed. 

To aequire some essential physiologic data is an entirely different question. 
This requires an investment of consequence, monetarily speaking. This is the 
basie reason why data of this sort are not generally obtained in the study of the 
individual patient or extremity. 

Skin temperature observations are of great value, provided they are ob- 
tained in a certain fashion. Most everyone who has attempted to demonstrate 
that the circulation to an extremity can be improved by inhibiting vasocon- 
strictor activity by one method or another after the leg has been exposed to a 
cool environment for a given period of time has sooner or later reached the 
conclusion that this method of study fails to predict the outcome of sympathee- 
tomy accurately if the test is negative. If it is positive, one can invariably 
depend upon the results. The unfortunate fact is that in the presence of 
obliterative vascular disease, studies of this sort are most likely to be negative 
and consequently misleading. 

For this reason, vears ago, a different approach to this problem was adopted. 
Instead of trying to increase blood flow in the cooled extremity, we developed 
a method of study designed to demonstrate how much the cireulation of a warm 
extremity could be reduced when reflex vasoconstriction was induced by ex- 
posure to a cool environment. 

This method of study is illustrated by Figs. 2 through 7. The patient is 
placed in a constant-temperature room at 83° F. The 4 extremities are ex- 
posed. The trunk is covered with a sheet and a light blanket. At the end of 
one hour, skin temperature readings are taken at 4 points on the extremity 
from the tip of a toe to the groin. These readings are plotted upon graph 
paper which gives a warm room curve. These are then classified according 
to the relation of the temperature of the toe tip to that of the room. If the 
temperature of the toe is below room temperature, the extremity is in group 1. 
If it is at room temperature but below 88° F., it is in group 2. If it is 88° F. 
or more, it is in group 3. The cooler the extremity, the more active is the vaso- 
constrictor mechanism. Fig. 5 illustrated 2 extremities in group 1. Figs. 3, 4, 
and 7 each have one extremity in group 2. Figs. 2, 3, 4, and 6 contain extremi- 
ties in group 3. At this point, reference is being made only to the preoperative 
studies. When the warm room study is completed a plethysmogram is obtained. 
This will be commented upon later. 

The temperature of the room is then reduced to 68° F. After one hour 
of exposure to this environment, the observations are repeated, thus giving the 
necessary data for the cool room curve. These are divided into 4 eategorics 
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again on the basis of the relation of the temperature of the toe tip to that of the 
room. If the temperature of the toe is below that of the room it is in group A. 
If it is at room temperature or below 75° F., it is in group B. If it is 75° F. 
or more but below 80° F., it is in group C. If it is 80° F. or more, it is in 
group D. Figs. 5 and 7 contain extremities in group A before operation. Figs. 
2, 3, and 4 contain extremities in group B. There does not happen to be an 
example of group C among the illustrations. Figs. 3 and 6 have D extremities. 
After the cool room temperature studies are completed, another plethysmogram 
is obtained. 

The skin temperature data enable one to place each extremity into one of 
12 possible groups, since there are 3 warm categories and 4 cool room eategories. 
It will be noted that in Figs. 2 through 7 each extremity is grouped in this 
fashion both before and after operation. Group 1A implies maximal vasocon- 
striction and group 3D an inactive vasoconstrictor mechanism. After opera- 
tion, with rare exceptions, extremities which fulfill all of the eriteria for 
sympathectomy will have 3D charts. If the extremity is not in group 3D after 
operation, it means that either there is unusually advanced obliteration of the 
terminal arteries and arterioles or the sympathectomy is incomplete. All of the 
extremities illustrated by Figs. 2 through 7 were in group 3D after operation. 

In the discussion of main vessel pulsations, it was stated that the more 
extensive the obliterative process, the more active the vasomotor factor should 
be in order to be reasonably certain that the circulation to the distal portion 
of the extremity would be increased sufficiently to be worthwhile. Thus there 
is a relation between the 4 pulse types and the 12 skin temperature categories. 
This was worked out some 10 years ago on the basis of studying a large number 
of extremities in the fashion described, operating upon them, and then deciding 
what the skin temperature category had to be before operation for each pulse 
type in order that there would be a 90 per cent chance that, following operation, 
the skin temperature of the tip of the digit would be increased 8° F. or more 
in either the warm or the cool environment or both. 


Main Vessel Pulses Versus Skin Temperature Groups.—This important 
relation between the 4 main vessel pulse types and the 12 skin temperature 
groups is graphically illustrated by Fig. 1. This contains the 12 surface tem- 
perature groups. In the upper left-hand corner of each rectangle, the pulse 
type is indicated by a Roman numeral. If the skin temperature group of an 
extremity is contained within the rectangle having the pulse type of the limb in 
(uestion, sympathectomy cannot be depended upon to result in a skin tempera- 
ture rise of 8° F. or more. On the other hand, if the skin temperature group 
of an extremity is outside the rectangle which contains its -pulse type, the 
chances are very good that a significant rise in surface temperature of the distal 
portion of the extremity will follow operation and the postoperative skin tem- 
perature group will be 3D, regardless of what it was before sympathectomy. In 
connection with the study of patients having obliterative vascular disease, a 
series of normal individuals were tested in a similar fashion. The majority of 
horma! lower extremities have 3B skin temperature charts, so that extremities 
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in this group may be regarded as having normal vasomotor activity. Extreniities 
having a 1, or a 2, or an A in their group number would have greater than nor- 






mal vasoconstrictor activity as judged by skin temperature responses. 

The majority of normal upper extremities have 3D skin temperature charts, 
confirming other evidence which indicates that the vasomotor tone normally 
is greater in the lower than in the upper extremity. That is one reason why 
the results of lumbar sympathectomy in general are better than those of dorsal 








sympathectomy. 









Digit Plethysmography.—Skin temperature studies are of a great deal of 


value, but they have their limitations and are not as sensitive as indicators of 







vasomotor activity as are plethysmograms. The latter are particularly useful 
in patients having 3D skin temperature charts since the conclusion from this 
evidence alone would be that sympathectomy was not indicated. Plethysmoe- 








raphy may, however, give evidence of a sufficiently active vasomotor systein to 






justify sympathectomy as in the ease illustrated by Fig. 6. Both of the extremi- 
ties originally had 3D charts which could not justify sympathectomy in pulse 
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Fig. 1.—This figure illustrates the 4 pulse types (JI, II, III, and IV) and the 12 skin 
temperature groups (1A-3D). There are 4 rectangles (dotted lines), one for each pulse 
type. Within each rectangle, also, are certain skin temperature groups. If one is to be rea- 






sonably certain of a significant rise in skin temperature of the foot and toes after sympathec- 
tomy, the extremity in question should be in a skin temperature group which is not contained 
within the rectangle having the pulse type of the extremity in its left upper corner. For 
instance, if the extremity has type IV pulses (all absent), its skin temperature group must 
lie outside the rectangle which contains the numeral IV. To put it in other words, it must 
have a 1 or an A or both in its group designation. This indicates marked vasospasm In 
either a warm or a cool environment or both. This is another way of indicating that the more 
extensive the obliterative process, the more active the vasomotor system must be if one 1s 
to predict the effect of operation upon skin temperature with reasonable accuracy. 















eategory III (right leg) or in pulse category I (left leg). The plethysmograms 
revealed a pulsatile flow with a marked reduction in the magnitude of the pulsa- 
tions in the cool environment by contrast with those noted in the warm environ- 
ment. The rule which we have arbitrarily followed in this connection is that if 
the reduction in digital pulsations in the cool environment is 50 per cent or more, 
the vasoconstrictor mechanism is considered to be sufficiently active to justity 









sympathectomy. 
Experience has shown that the difference between the plethysmograms 
the two environmental temperatures we have used is a very exact measure 0! 
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reflex vasoconstriction. Following sympathectomy, if the denervation is com- 
plete, the plethysmograms are the same under both conditions of study. The 
plethysmograms are useful in following the digital blood flow after operation 
since an inerease in the magnitude of the pulsations in the warm environment 
is objective evidence of an improvement in the pulsatile nature of the circulation. 
This is presumably brought about by a favorable effect upon the collateral 
circulation after sympathectomy. Figs. 2, 5, and 6 illustrate this point. The 
collateral circulation can be pulsatile in nature. 
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Fig. 2.—This figure illustrates the fact that certain patients may have troublesome 
Symptoms due to peripheral vascular disease when all main vessel pulsations are present 
(type I, Table I). Of 100 extremities recently reviewed in connection with this report, 13 
per cent fell into this category. 


This 57-year-old man complained primarily of severe coldness and numbness of both 
feet of approximately one year’s duration. Intermittent claudication on walking 1 to 3 blocks 
was also a problem but of secondary importance. Rectal bleeding was also troublesome and 
Studies of the gastrointestinal tract revealed that the patient had carcinoma of the cecum. 


( Preoperative studies of the peripheral circulation revealed 3B skin temperature charts 
He sma vasomotor activity) and an active vasomotor reflex as judged by digital plethysmog- 
p y in a cool as contrasted with a warm environment. There was no evidence of ulceration 
' gangrene of either extremity. 

A bilateral lumbar sympathectomy (Ii, Le, and Ls) was performed in conjunction with 
4 one-stage resection of the right colon for carcinoma. Three months after operation his feet 
Were warm but the intermittent claudication was not improved. 


Five months later the patient was examined and at this time he stated that he could 
walk 114 miles without discomfort. Thirty-two months after operation the skin temperature 
and plethysmographic studies were repeated. They showed a marked increase in skin tempera- 
ture in « cool environment and a marked increase in the magnitude of the digital pulsations 
toth In a warm and a cool environment. All of the main vessel pulsations were present and 

€ symptoms of coldness, numbness, and intermittent claudication were absent. This is the 
Usual result of lumbar sympathectomy when all main vessel pulsations are present. 
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Figs. 5 and 7 are particularly good examples of the shortcomings of divit 
plethysmography. In both eases we are dealing with extensive main vessel 
obliteration and a nonpulsatile digital blood flow. Under these circumstances 
the plethysmograms are of no value in estimating the activity of the vasomotor 
system and one is therefore dependent upon the evidence obtained from the 
skin temperature studies. Both methods have their good and bad features. 
They supplement each other, however, and in the vast majority of cases enable 
one to evaluate the vasomotor system with reasonable accuracy on the basis of 
one type of data or the other. Not infrequently, both forms of evidence are 
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Fig. 3.—-This figure illustrates the effect of left lumbar sympathectomy performed for 
the relief of troublesome intermittent claudication (190 yards) involving the calf muscles of 
3 months’ duration. The onset was sudden and followed a period of unusually violent exercise 
(shovelling snow) for this patient. He was 52 years of age. Examination revealed a normal 
femoral pulse and a popliteal pulse which was present but diminished in magnitude (type I, 
Table I). All pulses below this level were absent in the left leg. There was moderate 
blanching of the foot on elevation and prompt flushing of the toes on dependency (12 seconds). 
All main vessel pulsations were normal in the right leg. 

Skin temperature studies revealed a 2B chart of the left leg sufficient to justify 
sympathectomy in a patient in this pulse category (Fig. 1). Digit plethysmography revealed 
a pulsatile blood flow and an active vasoconstrictor reflex. These findings indicated that all 
of the criteria essential to a successful outcome following sympathectomy were present. 

A left lumbar sympathectomy was performed (Li, Lz, and Ls). The aorta and _ iliac 
vessels were soft. A femoral arteriogram showed a 0.5 m. area of complete occlusion at the 
junction of the femoral and popliteal arteries with good filling of the main arteries above 
and below. , 

Six weeks after operation the skin temperature and plethysmograms were repeated 
They reveald a 3D chart of the left lez. as would be expected. They also revealed a 3A chart 
of the right leg, indicating a considerable increase in vasomotor activity in the undener' ited 
leg (see Fig. 6) confirmed also by digit plethysmography. Plethysmography also revealed a 
marked improvement in the left foot in a cool environment. Intermittent claudication was 
completely relieved. The left popliteal pulse was normal but there were no palpable pulses 
below this level. In this case, the relief of claudication was unusually prompt. 
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Fig. 4.—This figure illustrates the effect of bilateral lumbar sympathectomy in a 61-year- 
old female patient. When first seen her right leg had normal femoral and_ popliteal pulses 
with absent pulses below this level (type II, Table I). The left femoral pulse was normal; 
all pulses below this level were absent (type III, Table I). 


Severe intermittent claudication (50 yards) of sudden onset and short duration (2 
months) involving the calf muscles of both legs but more marked on the left side was her 
chief complaint. The toes of both feet began to flush after 15 seconds of dependency, blanch- 
ing having been previously induced by elevation of the legs. 


Preoperatively the skin temperature studies revealed a 3B chart on the right and a 
2B chart on the left indicating a sufficiently active vasomotor mechanism to justify sympathec- 
tomy in extremities in type II and III pulse categories, respectively. Digit plethysmography 
revealed a pulsatile but diminished blood flow in both feet; the left was more seriously 
involved and showed a less active vasvconstrictor reflex. In this extremity, contrary to the 
usual rule, the skin temperature data together with the satisfactory flushing time qualified 
the patient for sympathectomy. Generally speaking, only when digital blood flow is non- 
pulsatile or nearly so do skin temperature data take precedence over the plethysmograms. 


A bilateral lumbar sympathectomy was performed (Li, Lz, and Ls). _One month later, 
the skin temperature charts (3D) were improved as can be predicted. Digital blood flow 
was also more pulsatile in nature, being increased in both the warm and cool environment. 
The pulsations in the digits of both feet was slightly less in the cool environment suggesting 
that email was not quite complete. At this point, her walking capacity had not 
Improved. 

Four months after operation the left posterior tibial and popliteal pulses were present 
but decreased in magnitude. The right popliteal and posterior tibial pulses were normal. Her 
walking ability was slightly improved. Eight months after operation the main vessel pulsa- 
tions were the same but her walking ability had increased 75 per cent according to the patient. 


Thirty-four months after operation, the skin temperatures and plethysmograms were 

repeated. The former were essentially unchanged (3D) and the plethysmograms were im- 
proved by comparison with the original tracings but were not quite as good as those taken 
one month after operation. This might be due to progression of vascular disease. The main 
vessel pulsations were the same in the right leg and in the left leg as well except that the 
left posterior tibial pulse could not be felt. Decrease in digital pulsation can also be due 
to regeneration but the data do not suggest that in this particular case. If she walks at a 
reasonable pace she can walk as far as she wishes. If she hurries, her capacity is more 
limited but not nearly as much as it was prior to operation. This represents a marked 
Improvement in walking ability in the patient’s opinion. 
; In patients having moderate to marked involvement of main vessel pulsations the 
Improvement in claudication usually does not begin to be apparent for several months as 
In this case. It usually is antedated by improvement in the pulsatile nature of blood flow 
as judged by a favorable change in the plethysmograms or main vessel pulsations or both, 
as in this case. Also, flushing times are decreased, all suggesting an improvement in the 
collateral circulation. The maximal improvement in walking ability may not occur for 6 
months to a year after operation. 
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helpful and are confirmatory. Goetz’ finds that a significant increase in arteria 
inflow during venous occlusion is evidence of an active vasomotor system when 
digital blood flow is nonpulsatile. 
CRITERIA FOR SYMPATHECTOMY 
On the basis of the physical and physiologic evidence which has been pr 

sented, the eriteria which should be fulfilled if one is to predict the outeom: 
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Fig. 5.—This figure illustrates the effect of sympathectomy in a patient who had normal 


balla Ub Ht 
femoral pulses in both legs but no palpable pulses below this level in either extremity (type 


III, Table I). 

This 56-year-old woman complained of unusually severe intermittent claudication of both 
legs especially involving the calf muscles. Her symptoms were sudden in onset and of 
unusually short duration (about one month). Her walking capacity was seriously reduced 
to a distance of about 50 feet. Both feet were also cold and numb, especially after walking 
a short distance. Her symptoms were relieved by resting about 10 minutes. 

The skin temperatures and plethysmograms are illustrated before and 14 months afte! 
bilateral lumbar sympathectomy (Li, Le, and L;s). There was marked vasospasm of both legs 
as indicated by 1A skin temperature charts. There was a nonpulsatile digital blood flow 
in both a warm and a cool environment. Her collateral circulation was adequate as _ indi- 
cated by the fact that the toes of both feet commenced to flush in the dependent position 
in 15 seconds after blanching had been induced by elevation. There was no evidence of ulcera- 
tion or gangrene. On the basis of these data the patient was regarded as an ideal candidate 
for sympathectomy. 

After operation, her feet were always warm and her walking capacity was obviously 
increased before she left the hospital. It continued to improve gradually and at the time 
her skin temperatures and plethysmograms were repeated 14 months after operation she 
could walk as far as she wished to without symptoms. There was a marked increase In 
skin temperature levels in both feet in both a warm and a cool environment as indicated by) 
3D charts. The plethysmograms showed excellent digital pulsations in both a warm and i 
cool environment. Both popliteal pulses could be felt and were normal. Both posterior 
tibial pulses were present but diminished in magnitude. The anterior tibial and dorsalis pedi 
pulses were absent on both sides. The popliteal and posterior tibial pulses were not present 
when the patient was examined 3 months after operation and were first noted when she w®. 
examined 9 months after sympathectomy. On both of these occasions her intermittent claud! 
cation was markedly improved but not completely absent as was the case 14 months afte! 
operation, 
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of sympathectomy with reasonable accuracy may be summarized as follows. 
The extremity in question should have (1) an adequate collateral circulation as 
judged by a flushing time of 20 seconds or less, and, in addition, (2) a sufficiently 
active vasoconstrictor mechanism as Judged by (a) an acceptable skin tempera- 
ture group for the pulse category in question, (b) a reduction of 50 per cent 
or more in digital pulsations in the cool environment when compared with those 
noted in the warm environment, or (e) both. 

As will be shown the results of sympathectomy in extremities that meet 
the above criteria are much better than those generally reported in the litera- 
ture. There are some extremities that do not meet all the criteria but do have 
some chance for improvement. These are extremities in which the flushing time 
is satisfactory but the other criteria are not met. One may choose to operate 
upon such an extremity, realizing, however, that it is a borderline decision. The 
longer the flushing time, the more questionable the outcome. Oceasionally, if 
a recent thrombosis of an important vessel has occurred and the flushing time 
is border-line (21 to 30 seconds) in the course of 1 to 3 weeks of conservative 
therapy, the collateral may improve so that the extremity will meet the criteria. 
If the flushing time exceeds 30 seconds, the outlook is dismal. Everybody must 
use his own judgement as to when sympathectomy is contraindicated. It is 
most important, however, that one be able to select cases which will do well 
with sufficient accuracy so that a procedure of real merit will not fall into 
disrepute. 

OBJECTIVES OF SYMPATHECTOMY 

The primary objective of sympathectomy has always been to improve the 
circulation to the distal portion of the extremity in order to conserve the ex- 
tremity and to avoid a major amputation. This will probably always be the 
case. So far as can be determined this result is brought about, in most in- 
stances, by an improvement in the collateral circulation to the extremity. 

The primary objective of direct surgery of the extremity is to influence the 
walking capacity of the individual favorably. Inability to walk as far and as 
rapidly as one wishes may be most ineonvenient. On the other hand, extremities 
are not lost because the circulation to the muscles is reduced. Major amputa- 
tions are performed because the circulation to the distal part of the extremity is 
inadequate. 

Sympathectomy also may be followed by an improvement in muscle blood 
flow either on the basis of actual measurements or of improvement in walking 
ability. Suecessful direct surgery has its most spectacular effect upon the cir- 
culation to the muscles but also will affect the circulation to the digital part of 
the extremity favorably as well. 


Thus the objective of therapy is to inerease blood flow to both the distal 
portion of the foot and to the muscles as well. In some patients signs and 
symptoms resulting from ischemia of the distal portion of the extremity pre- 
dominate. In others, intermittent claudication is the major problem. In 
many, inadequate circulation to the distal portion of the foot and to the muscles 
sec equally important. 
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TABLE II. Types or VASCULAR DISEASE 











DIAGNOSIS NUMBER OF EXTREMITIES 
~ Arterioselerosis 8] 
Arterioselerosis with diabetes 10 
Thromboangiitis obliterans y 
- otal ; 100 


While this discussion is primarily concerned with obliterative vascular 
disease of the extremities, one must realize, since arteriosclerosis (Table I] 
is the major problem, that not infrequently other vascular areas are involved 
as well, especially the cardiac and cerebral regions. Diabetes may also com- 
plicate the picture and the long-range outlook for the patient may not be good. 
A considerable number of patients will die of cardiovascular complications in 
other parts of the body months or a few years after treatment of their peripheral 
vascular problem. Many are old, retired, incapacitated by coronary heart dis- 
ease, have poor eyesight, and often are obese. All of these and similar con- 
siderations influence the choice of therapy. It may not be desirable for some 
patients to increase their physical activity materially. On the other hand, they 
all prefer their own extremities to artificial ones. 


(This article will be concluded in the September issue of the Journal. References will appear 
at the end.) 





ANNOUNCEMENT 


American Urological Association 


The American Urological Association offers an annual award of $1,000 (first prize of 
$500, second prize $300, and third prize $200) for essays on the result of some clinical or 
laboratory research in urology. Competition shall be limited to urologists who have been 
graduated not more than 10 years and to hospital interns and residents doing research work 
in urology. 

The first prize essay will appear on the program of the forthcoming meeting of the 
American Urological Association to be held at the Roosevelt Hotel, New Orleans, La., Apri! 
28—May 1, 1958. 

For full particulars write the Executive Secretary, William P. Didusch, 1120 North 
Charles Street, Baltimore, Md. Essays must be in his hands before Dee. 1, 1957. 





Reappraisal 











CONDUCTED BY CLARENCE DENNIS, M.D. ASSISTED BY ALFRED Hurwitz, M.D. 




















VAGOTOMY IN THE TREATMENT OF IDIOPATHIC ULCERATIVE 
COLITIS 


THE PicturE AFTER 8 TO 10 YEARS 


Karu E. Karzson, M.D.,* AND CLARENCE DENNIS, M.D.,** BROOKLYN, N. Y. 


AGOTOMY was performed as a therapeutic procedure for chronic idio- 

pathic ulcerative colitis on 40 patients at the University of Minnesota Hos- 
pitals between the years 1946 and 1949. The first full report on a group of 
these cases was made by Dennis, Eddy, McCarthy, Frykman, and Westover.’ 
Subsequent reports on the full group have been made by Eddy,‘ and by Dennis 
and Karlson.? This group of patients has been followed again and the current 
findings are presented in this report. 

Vagotomy as a therapeutic measure for chronic idiopathic ulcerative colitis 
was undertaken at the suggestion of Dr. C. J. Watson of the Department of 
Medicine of the University of Minnesota with the idea that vagotomy might 
cause a diminution or disappearance of the spasm and hypermotility of the in- 
testine which accompany colitis. Thirty patients underwent vagotomy as a 
primary definitive procedure, and 10 patients underwent vagotomy after previ- 
ous direct surgery on the bowel. 

Table I contains the data relevant to those patients who are considered to 
have had a satisfactory remission from vagotomy performed as a primary defini- 
tive procedure. As has been stated previously, 4 factors appear to be important 
in the determination of the prognosis subsequent to vagotomy. These factors 
are (1) gross bleeding to a marked degree, (2) fibrosis and searring of the 
colon, (3) extensive ulceration as evidenced by proctoseopie or roentgen barium 
enema examinations, and (4) a disease duration of 5 years or more. Careful 
examination of Tables I and II reveals that the patients who did not have a re- 
mission generally had more severe disease as judged by analysis of these factors. 
The incidence of these factors in the group of patients having satisfactory re- 
sults from a vagotomy indicates that no patient who had a significant improve- 
ment after vagotomy presented more than 2 of these critical factors (with the 
exce}tion of one ease which showed a lesser degree of fibrosis, bleeding, and 
ulceration). It appears that the actual involvement of the colon is more im- 
portant in establishing a prognosis than the duration of the disease. 


C te, Nssociate Professor of Surgery, State University of New York Downstate Medical 
enter, 


**Professor and Chairman, Department of Surgery, State University of New York Down- 
State Medical Center. 
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As shown in Table I, 10 patients of the 30 who had vagotomy as the primary 
procedure for colitis achieved remissions of 5 years or more. Two more were 
lost to follow-up in remissions lasting 24 and 47 months, respectively, and 2 
further enjoyed remissions of 13 and 29 months, respectively, but had colectomy 
in fear of cancer, which the pathologist did not find. Two (Cases No. 14 and 
No. 38) required colectomy for exacerbations of colitis after having had eom- 
pletely symptomless remissions for 5 years or more after vagotomy. 

Table II lists 15 patients who had vagotomy without previous definitive 
intestinal surgery, but who did not obtain a satisfactory remission. Although 
many of the patients had some symptomatic relief, the ulcerative process in the 
colon and rectum did not diminish or may actually have progressed. Ten of 
these patients were therefore subjected to colectomy, either because of fear of 
carcinoma development or persistence of symptoms. One patient (No. 7) had a 
colectomy on our recommendation because his disease had persisted for over 5 
years. The surgical specimen contained a previously undiagnosed carcinoma. 
Four declined colectomy and one died of liver failure. 

Table III pertains to one patient who was unchanged after vagotomy but 
experienced a complete remission after subsequent pelvic parasympathectomy 
and has had continued good health since that time except for 2 short exacerba- 
tions separated by a lapse of 6 years. Two other patients (Cases No. 23 and 
No. 36) had pelvic parasympathectomy without benefit. 

Additional surgical procedures were performed upon 15 of the 30 patients 
who had vagotomy as a primary procedure for colitis. Of the 15 patients who 
had vagotomy only, 10 are living and well, 4 are ill, and one has died (Table IV). 

Table V describes those patients who had vagotomy subsequent to previous 
definitive surgery on the bowel. The results indicate that vagotomy seems to 
have a definite place in the treatment of symptoms resulting from ileitis or proc- 
titis. The difficulty in assessing the results of the treatment of this disease is 
illustrated by the patient who became symptom-free after an incomplete vagot- 
omy and by another patient who received no benefit from vagotomy but had a 
spontaneous continuing remission after marriage. 


DISCUSSION 


Vagotomy was undertaken in order to determine whether it might be an 
appropriate procedure short of colectomy in the treatment of chronic ulcerative 
colitis. Although ileostomy and colectomy have been shown to be effective ther- 
apy for chronic ulcerative colitis and can be done in one stage with a surgical 
mortality of less than 5 per cent,? it was hoped that a less disfiguring proce- 
dure might be effective. 

Although anatomic studies have demonstrated vagus nerve fibers extend- 
ing only as far as the distal transverse colon,® division of the vagus nerves has 
resulted in altered function of the colon and rectum as well as of the small in- 
testine. The operation appears to abolish spasm in the colon and is followed 
by prolonged transit time. 
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TABLE LV. VAGOTOMY AS PRIMARY SURGERY IDIOPATHIC ULCERATIVE COLITIS 


NUMBER MONTHS 
Total patients 30 87* 
No further surgery 15 83 
Living and well 79 
Ill 74 
Dead 15t 
Further surgery 39} 











= 


*Range: 7 months to 10 years. 
*Died of liver failure. 
¢Three died, 2 not related to chronic ulcerative coltis. 


Pelvic parasympathectomy was considered to be a reasonable surgical ap- 
proach to colitis of the left colon and rectum on the basis of anatomic studies 
by Lannon and Weller? and Denny-Brown and Robertson.* Section of these 
nerves has, in fact, been shown on oceasion to be beneficial for disease in these 
segments. 


Although patients may become asymptomatic following vagotomy with re- 


turn of bowel function to normal, freedom from symptoms does not indicate in 


any sense that the ulcerative process has subsided in the colon. In fact, just 
as in patients who have not had vagotomy, the colitis may progress in the face 
of complete freedom from symptoms. These patients must therefore be watched 
very carefully, with frequent proctoseopie and barium enema examinations, and, 
if any suspicion of carcinoma is present or the colitis persists for more than 5 
years, colectomy and ileostomy must be undertaken.* Some patients who be- 
came asymptomatic continued to have severe colitis with progression of the dis- 
ease in the colon. They have either had a colectomy or have failed to develop 
carcinoma at the present time as far as we know. 

An attempt has been made to determine to what extent dependence on 
vagotomy may have contributed to the subsequent demise of patients. Of the 
7 deaths (Table VI), those of Cases No. 42 and No. 19 might have been prevented 
by the selection of colectomy rather than vagotomy as the operation of choice. 
In the other 5 patients, vagotomy apparently did not influence the subsequent 
course adversely. One case, No. 7, may die of carcinoma which would not have 
developed if colectomy had been done in the first place. 

Banthine has been shown to produce the same symptomatic response as 
vagotomy when given in appropriate dosage (100 mg. every 4 hours around the 
clock, or sufficient to produce visual disturbances and dryness of the mouth) 
and has been utilized rather than surgical vagotomy in patients with colitis. If 
remission is satisfactory, the patient may be earried on Banthine indefinitely. 
If it seems appropriate not to continue Banthine because of side effects or other 
considerations, these patients might be expected to have a good therapeutic 
response from vagotomy. 

CONCLUSIONS 

1. After following patients with vagotomies as the primary operation for 

chronic idiopathic ulcerative colitis for periods up to 10 years, it is apparent 
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TABLE VI, DrATHS SUBSEQUENT TO VAGOTOMY FOR CHRONIC ULCERATIVE COLITIS 


| a | INTERVAL AFTER 
CASE PRIMARY | LAST OPERATION 
NO. | PROCEDURE FURTHER SURGERY | CAUSE OF DEATIL (MONTHS) 
418 Vagotomy Colectomy, ileostomy Pulmonary embolus 2 wk. 
postoperative 
Vagotomy Colectomy, proctectomy, ileostomy ‘‘ Heart trouble’’ 14 
Vagotomy Colectomy, proctectomy, ileostomy Auto accident 5 
Vagotomy None Liver failure 15 
Colectomy, Vagotomy Pulmonary conges- 66 
ileostomy tion and ileus 
Colectomy, Vagotomy, exploratory laparotomy Postoperative (else- 1 wk. 
ileostomy for intestinal obstruction 9 where ) 
months after vagotomy 
19 Ileostomy Vagotomy Enterocolic fistula 
and sepsis 





that a little less than half of these patients have had satisfactory symptomatic 
relief after division of the vagus nerves. 

2. In a similar follow-up of patients who had vagotomy for ileitis persist- 
ing after colectomy for colitis, the results suggest that widespread involvement 
of the ileum constitutes an indication for vagotomy. 

3. Of the 4 factors which appear to be eriticeal in the evaluation of patients 
from the point of view of prognosis after vagotomy, massive hemorrhage, ex- 
tensive ulceration, and fibrosis appear to be most critical. Patients with minimal 
organic change in the colon will as a rule respond more favorably to vagotomy. 
The duration of the disease appears to have less prognostie significance. How- 
ever, it is extremely difficult to predict which patients will experience a satis- 
factory remission. 

4. In many patients who experience a satisfactory symptomatic response 
from vagotomy, the pathologie process in the colon continues unchanged. It is 
therefore imperative that all these patients be examined periodically in order 
to identify progression of the disease or the occurrence of complications, particu- 
larly carcinoma. 

5. Medical vagotomy with the use of Banthine is therapeutically effective 
in some patients with colitis. 

6. The present indications for vagotomy appear to be (1) enteritis after 
previous colectomy and (2) refusal of colectomy by the patient in the presence 
of indieations for surgical intervention. 
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ONDUCTED BY J. GARROTT ALLEN, M. D. 








Surgery in World War II. Orthopedic Surgery in the European Theater of Operations. 
Edited by Mather Cleveland. Office of the Surgeon General, Department of the Army, 
Washington, D. C., 1956. 


Although society and the medical profession are aware of the high standard of care 
rendered to the wounded of World War II, few have given thought to the organization 
and the marshalling of the medical man power resources which made this possible. An 
outstanding feature of this book is the section on ‘‘ Administration and Related Considera 
tions’’ in which the scheme of organization and the policies governing the distribution of 
physicians for the care of patients with bone and joint injuries are described. The lessons 
learned in the field shou'd be always before us who live in the shadow of an even greater 
potential holocaust. 

The discussion of the treatment of large numbers of open fractures by skeletal trae- 
tion with many photographs and examples is excellent. Dr. Marshall Urist has contributed 
extensively to the clinical sections of the book, especially in the portion on injuries about 
the hip joint. 

This is not a dry ‘‘official report.’’ The authors have breathed life into its pages 
and have produced an absorbing account of orthopedic surgery in wartime; an account 
which should be read by all surgeons. 

—Leonard F. Peltier 


Ankylosing Spondylitis. Clinical Considerations; Roentgenology; Pathologic Anatomy; 
Treatment. By J. Forestier, F. Jacqueline, and J. Rotesquerol. Translated by A. U. 
Desjardins. Springfield, Ill., 1956, Charles C Thomas, Publisher. $10.75. 


The authors base their discussion on ankylosing spondylitis on a personal experience 
with over 400 eases. These are discussed from every point of view, and illustrations are 
abundant. Emphasis is properly given to prolonged observation and care in patients with 
this chronic disease. The extensive bibliography, especially of the European literature, 
increases the value of the work. It will be of interest, however, only to physicians en 
gaged in the management of this condition. 

—Leonard F. Peltier 


Dorland’s Illustrated Medical Dictionary. Ed. 23. Philadelphia, 1957, W. B. Saunders 

Company. Pp. 1598. $12.50. 

The Twenty-third Edition of Dorland’s Illustrated Medical Dictionary is the first re 
vised edition to appear following Dr. Dorland’s death in September, 1956, at the age of 92, 
who initiated this dictionary in 1900. It also is the first to appear following the death of 
Dr. Miller in July, 1954, at the age of 87, the principal associate editor since 1923. 

The current edition reflects a number of improvements over the immediately preced: 
ing edition, as well as the composite improvements which have accrued over the past 57 
years. The anatomic tables have been revised. Names of many of the illustrious people 
in Medicine previously listed regrettably have been deleted in the interest of space. 
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A number of technical improvements also are noted. First, the type appears a bit 
more bold and perhaps a little easier to read than in the previous editions. The binding 
is flexible in nature, permitting the book to open freely when placed on the table. Accord- 
ing to the editors, many thousands of words have been redefined and new words and 
definitions added, It is obvious that no lexicographer or group of lexicographers can recog- 
nize all errors which tend to accumulate in a dictionary of this size on any subject. I 
have examined a number of terms commonly used in fields of my own special interest and 
find but very few errors and these, for the most part, minor and of debatable importance. 
For example, the statement under plasma that its exposure to ultraviolet light kills the virus 
of hepatitis is not generally agreed upon. The origin and meaning of prefixes and suffixes 
are clearly explained, and the body of the word likewise is well defined. Where more 
than one spelling is permissible, there is, however, no consistent listing as to which is cur- 
rent and preferred as opposed to that which may be obsolete. 

The illustrations are excellent in quality but I would question the relative merits of 
a few; an example is the illustration.concerning percussion on page 1017, which is not likely 
to be of lasting importance. This point is only made in the hope that some of the illustri- 
ous names in Medicine deleted for space might have been included without enlarging the 
Twenty-third Edition and that a number of physicians interested in some of our medical 
contemporaries may have no other ready source available than a dictionary wherein a 
brief biographie sketch might be located. 

Under the editorship of Dr. Austin Smith has been included a list of currently em- 
ployed drugs and their dosages. This list is a condensation of information concerning 
drugs that were evaluated by the Council on Pharmacy of the American Medical Associ- 
ation up to June 30, 1956. This adds an unusual, interesting value to the dictionary. 

Finally, it can be stated without reservation that this Twenty-third Edition con- 
tinues at the same high level achieved by its predecessors and will be weleomed by all in 
Medicine and in its companion fields. 

—J. Garrott Allen 


Pediatric Cardiology. By Alexander S. Nadas. Philadelphia and London, 1957, W. B. 
Saunders Company. $12.00. 


While Nadas states that Pediatric Cardiology is intended to be a book for the pedi- 
atrician, general physician, and medical student, it is much more than a book designed to 
instruct these groups. It is the first comprehensive American book devoted to this burgeoning 
subspecialty and is especially valuable in that it is based on personal experience in a large 
pediatrie center. It presents current diagnostie procedures and modern clinical cardiology 
and covers concisely but effectively most of the categories of heart disease occurring in 
children. 

The book is divided into three sections: Part One is entitled ‘‘The Tools of Diag- 
nosis,’’ Part Two relates to ‘‘ Acquired Heart Disease,’’ and Part Three concerns ‘‘Con- 
genital Heart Disease.’’ 

Part One deals rather briefly but, in general, adequately with the history and physi- 
‘al examination, radiology, electrocardiography, phonocardiography, angiocardiography, and 
‘ardiac catheterization. 

Part Two ineludes an excellent discussion of rheumatic heart disease and presents the 
author’s wide experience with the arrhythmias in children. A chapter reviews five 
varieties of primary myocardial disease and five types of myoeardial disease secondary 
to or associated with other disorders. While the subject is not treated exhaustively, the 
etiologic peculiarities of myocardial disease in the young are brought together in a stimu- 
lating Way. 

Part Three, almost one half of the bock, is devoted to a superb discussion of congenital 
heart disease under the three classifications of (1) communications between systemic and pul- 
Monary circuits, (2) valvular and vascular lesions with a right-to-left shunt or no shunt at all, 
and (3) the transpositions. This section is probably the crux of the book, and very extensive 
clinical experience and physiologic study are combined in thoughtful and careful analysis and 
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presentation of the diverse anomalies in the three main categories. The identifying char: 
teristics of the anomalies are discussed concisely and clearly, and this section is outstanding. 






The book ends with a chapter on ‘‘ Anaesthesia for Children With Heart Disease’? pr 
pared by Dr. Robert M. Smith. The references in the book are pertinent but not encyclope 
and inelude those the author found particularly useful. The index is adequate. 








The author has succeeded admirably in his objective of delineating heart disease in el:il 





dren for physicians engaged in their care and has presented an extraordinarily lucid review 


of congenital heart disease for surgeons interested in this area. Further, the book adds 







stature to pediatric cardiology as a special area of endeavor. The only major criticism would 






be an expression of the desire to have the material expanded to two or three volumes and to 






have included a discussion of the peripheral vascular disorders of children, especially hypo- 







tensive syndromes in the newborn and those associated with severe infection. 


—Donald 





Cassels 


EK. 








Practical Office Gynecology. By Albert Decker and Wayne H. Decker. Philadelphia, 1956, 
F. A. Davis Company. $10.50. 







This monograph is written for the physician whose interests have not permitted him 
to keep abreast of current trends in gynecologic practice. It deals almost exclusively with 
fundamentals. It is characterized by simplicity and practicality, and constitutes a concise, 
well-illustrated, authoritative, selective review of current methods employed for the diag 
nosis, management, and treatment of those abnormalities of the female reproductive tract 
which are relegated to the province of office gynecology. 







The subject matter encompasses the field of office gynecology and is systematically 






arranged in the conventional order, although disease entities are discussed primarily from 
the standpoint of symptomatology. This latter approach contributes to the practicality 
of the work. 






Opening chapters deal with history taking, physical examination, and instrumental 
and special gynecologic examinations. The inclusion of chapters dealing with cancer de 






tection in women, indications for gynecologic surgery, psychosomatic gynecology, pre 
menstrual tension, hormone therapy, premarital consultation, and culdoscopy are timely. 
The presence of a bibliography adds to the value of this monograph. 

—Charles P. MeCartney 









Clinical Use of Radioisotopes. By William H. Beierwaltes, Philip C. Johnson, and Arthur 
J. Solari. Philadelphia, 1957, W. B. Saunders Company. Pp. 456, 126 ills. $11.50. 












This modest volume fills a great need in the medical literature. It was written by the 
group at a clinical radioisotope unit at the University of Michigan as a basic text for the 
training of technicians, medical students, residents in all specialities, and physicians in 
private practice. The entire volume reflects a wide practical experience. The require 
ments for the use of isotopes of the Atomic Energy Commission are quoted verbatim. 
The general subject of radioactivity and the interaction of radiation with matter are 







covered in very comprehensive and condensed form in 25 pages. Jodine15!, the most com 
monly used radioisotope is given exhaustive treatment at a very practical level beginning 
with discussion of thyroid physiology. In addition to the uses in connection with the thy 


roid many other uses of radioiodine and radioiodine compounds are discussed. Radioactive 








phosphorus, radioactive gold, chromium, cobalt, and iron as well as less commonly used 





radioactive isotopes are discussed in somewhat less detail, although an extensive bibliog 






raphy is presented. Problems of radiation injury are presented as well as a general sul 
vey of health physics procedures. Detailed information is included on the instrumenta 
tion of a clinical radioisotope unit, calibration procedures, and so forth, as well as dis 
cussion of the administrative problems involved in setting up and managing a clinical 
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radioisotope unit. This is the first time that this range of information has been available 
in a single volume in condensed form at a level comprehensive to those untrained in radiol- 


ogy or physics, 
—Paul V. Harper 


Expectant Motherhood. By Nicholson J. Eastman. Ed. 3, revised. Boston, 1957, Little, 
Brown and Company. Pp. 195. $1.75. 


The author writes easily, fluently, and with continuity. The medical background is 
translated surprisingly well to lay language. In his preface he states: ‘‘ Yes, pregnancy 
should be a happy, healthy time. But health and happiness in pregnancy are dependent 
in large Measure upon proper guidance by a competent physician.’’ The book is divided 


into eleven chapters with appropriate deve'opments for the 195 pages in a handy size 
book. The text deals with ordinary questions and some of the controversial ones, includ- 
ing painless childbirth. There is a moderate number of satisfactory, clear, concise illus- 
trations. The author explains the reason for a number of signs and symptoms of preg- 
nancy. With tact and diplomacy he speaks about nausea in an understanding way for the 
reader, pointing out that seldom is it of serious concern. The presentation deals also with 


the emotional problems. The patient having her first baby is prepared for her visit to 
her physician, pointing some of the things that he will do and the reason for doing them. 
The everyday questions of travel are discussed. Under ‘‘ Painless Childbirth’’ he gives 
eredit for the title but explains that the statement is a misnomer. It is more appropri- 
ately modern childbirth. He dispels the idea of fears, superstitions, and misinformation. 
It is stressed that the patient need not endure distress or pain unnecessarily but that she 
may have proper care without the necessity of excessive medication. He allows for the 
physician to explain the deviations in treatment. 

On pages 178 and 179 (the chapter on convalescence), he describes exercises. Cer- 
tainly most of them are very acceptable. The third one on leg exercises seems extreme 
for a number of women, especially the more obese ones. 

This is a common-sense book with a clear, concise, intelligent approach to one of 
the most fundamental and specially privileged group of individuals, namely, individuals 
who are to be mothers. The book is devoid of the bizarre, the shocking, and the emotional 
phases. It is a presentation for the average lay reader to the approach to the most 
cherished of all human privileges, that of being a mother. 

—H. Close Hesseltine 


Current Therapy, 1957. Ed. by Howard F. Conn. Philadelphia, 1957, W. B. Saunders 
Company. Pp. 751. $11.00. : 


This volume, as may be assumed from the title, is intended as an aid to the physician 
in the treatment of disease after careful diagnosis has divulged its nature. The treatment 
of each disease is discussed in detail by a recognized authority in the field. Diversity in 
the manner of presentation and the choices of therapy are included in the various sections, 
enhancing the value of the book. 

The editor states that where differences of opinion exist, the different methods of 
treatment have been presented. This holds true in many instances. In the section on 
thrombosis of the deep veins of the extremities, one author states that in his experience 
Dicumarol has not proved itself an effective anticoagulant. This view is not generally 
shared by many competent clinicians who have found Dicumarol a most useful drug when 
used judiciously and with proper attention given to the prothrombin time for control. 

Several other particular points seem worthy of mention. The section on carcinoma 
of the lung does not include the sealene node biopsy as an adjunct to diagnosis. The 
discussion of parenteral fluid therapy fails to point out the nutritional value of intra- 
Venous plasma and perhaps gives more credit to the amino acid preparations than is due 
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them on the basis of factual evidence. One apparent printing error is found in the 
tion on rheumatic fever where the maintenance dose of sulfonamides is given as 0.5-1.0 
mg. instead of 0.5-1.0 grams daily. 

Two very useful items are included at the end of the book. One is a list of the prin 
cipal active ingredients in various commercial products. The other is an informative roster 
of drugs alluded to in the text. 

The material in Current Therapy is, in most instances, thoughtfully presented and up 
to date, and, as such, should be of great benefit to physicians in general practice. 

—Robert S. Levine 


Atlas der gastroenterologischen Cytodiagnostik. By N. Henning and 8. Witte. English 
translation by R. O. K. Schade. Stuttgart, 1957, Georg Thieme Verlag. 


There has been a great need for a monograph of this type. Gastrointestinal exfolia 
tive eytclogy has not had the wide coverage and publicity offered other areas, because 
of the difficulties encountered in obtaining the material and the great morphologic varia- 
tions encountered. The authors have skillfully constructed an atlas of exceptional value 
based upon excellent black and white photographs of the many different cells of the 
entire gastrointestinal tract as seen through the media of phase microscopy, supravital 
fluorescent staining, and the more commonly used method of Papanicolaou and Pappenheim 
stains, 

A short but concise chapter is devoted to the normal epithelial cells and their dis 
eased and malignant counterparts as found in the oral cavity and parotid gland, esophagus, 
stomach, duodenum, and colon. The characteristic cytologic changes encountered in 





esophagitis, pernicious anemia, and ulcerative colitis—conditions which are considered by 


are well covered with the exception of the cellular atypia 





many to be premalignant 
which is occasionally seen in association with benign gastric ulcer. 
The authors believe that they can distinguish inflammatory gastritis by their method; 


this they may well be able to do as they used a ‘‘zeltupfsonde’’ (a foam rubber swab on 
a wire handle within a flexible rubber tube) which in reality produces thin sheets of 
mucosa more in the nature of a surface biopsy. The deeply lying gastric parietal cells 
are seen frequently with this method but rarely by simple saline lavage which collects 
cellular material from the surface only. 

The section dealing with the exfoliation of glycogen-containing cells in severe 
chronic cholangitis and severe hepatitis opens up a new field of endeavor to the gastro- 
intestinal cytologists. The authors have also recovered metastatic cells to the liver in 
the duodenal drainage. 

American cytologists wil! find the statement that tumor cells from the cecum and 
proximal sections of the colon, including the descending colon, are recovered in excep 
tional cases to be incorrect. The preparation of the bowel colonic washing (two cleans 
ing enemas) seems quite inadequate. 

A brief description of the methods of examination and staining conclude the de 
scriptive portion of this excellent monograph which is recommended not only for the 
beginner but for the so-called experienced gastrointestinal cytologist who still has much 
to learn. 

—Howard IF. Raskin 


Management of Abdominal Operations. Rodney Maingot. Ed. 2. New York, 1957, Thie 
Macmillan Company. 


The first edition of The Management of Abdominal Operations by Rodney Maingot was 
au real contribution, but the second edition is infinitely superior to the first edition 1m 
several respects. The fact that the work appears in two volumes rather than a bulky single 


volume makes it much more readily used and is a great help. The new work is dedicated 
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to a great surgeon, Lord Webb Johnson. It is indeed appropriate that such a splendid 
work should be dedicated to an individual who has done so much for surgery in the 
English-speaking world. 

Mr. Maingot has assembled an excellent group of contributors for the second edition 
of his work, and the list reads almost like a Who’s Who in British Surgery. The work is 
divided into three parts: (1) general considerations in which the conditions affect the 
operative risk in patients, (2) the preparation of the good-risk patient, and (3) the pre- 
operative treatment of the acute abdomen are thoroughly discussed by individuals who are 
certainly competent to do so. An important chapter is the one on anesthesia for abdominal 
operations. Postoperative care is written by Mr. Maingot. Other extremely important 
chapters concerning individuals undergoing abdominal operations are: “Prineiples and 
Practice of Blood Transfusion,” “Surgical Shock,” “Venous Thrombosis and Pulmonary 
Embolism,” “Fluid and Electrolyte Balance in Surgical Patients,” “Postoperative Chest 
Complications,” “Complications of the Abdominal Wound,” “The Use of Chemotherapeutic 
and Antibiotic Drugs in Abdominal Surgery,” “The Role of Vitamins in Abdominal Sur- 
gery,” “Postoperative Parotitis,” “Genito-Urinary Complications Following Abdominal 
Operations, ”’ “Uremia in Abdominal Surgery,” and “Alkalemia and Acidemia in Abdominal 
Surgical Cases.” All of the authors have written upon subjects in which they are par- 
ticularly capable, and the chapters are indeed contributions to the second edition of The 
Management of Abdominal Operations. 

The second part of the work is concerned with regional considerations such as cancer 
of the stomach, cardia, and esophagus, lesions of the esophagus and cardia excluding cancer, 
gastric and duodenal ulcer, complications and sequelae of gastric operations (the last two 
written by Mr. Maingot), the treatment of patients with ulcer and hemorrhage, the acute 
perforated peptic ulcer, vagotomy, postgastrectomy syndrome, infantile pyloric stenosis, 
duodenal ileus, gastric volvulus, gastric and duodenal diverticula, the management of 
biliary traet disease (the last two are written by Mr. Maingot), the care of the jaundiced 
patient, the management of cirrhosis of the liver, surgical diseases of the liver, surgical 
aspects of pancreatic disease, surgery of the spleen, inguinal hernia, strangulated hernia, 
intestinal obstruction, chronic appendicitis (written by Mr. Maingot), acute appendicitis, 
peritonitis, postoperative ileus, subphrenic abscess, management of surgical lesions of the 
colon, rectum, and anus, the management of abdominal injuries in warfare and civil life, 
and the management of abdominal operations in children. The final part is concerned with 
the normal values in clinical biochemistry. 

The two volumes of Management of Abdominal Operations are a real contribution to 
medicine, and any physician interested in gastrointestinal disease, whether he is a 
surgeon or an internist, should have these volumes in his library. It is particularly im- 
portant for surgeons who do abdominal surgery to have this work available for ready 
reference and for authoritative information. The format of the two volumes is excellent. 
The illustrations are well reproduced. Mr. Maingot, the collaborating contributors, and 
the publishers can be justly proud of this contribution. 

—Alton Ochsner 





Calendar of Surgical Meetings 


AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 11-13, 1957, 1 
Cloister, Sea Island, Ga. Deadline for papers, Aug. 15, 1957. Secretary, Dr. Eben 
Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C. Attendar 
at meetings by invitation only. 

AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. Annual Meeting, Oct. 31, Nov. 1 and 
2, 1957, The Homestead, Hot Springs, Va. Deadline for papers, Aug. 1, 1957. Secre 
tary, James K. Stack, 700 N. Michigan Ave., Chicago 11, Ill. 

AMERICAN CANCER SOCIETY. Annual Meeting, Oct. 28-29, 1957, Park-Sheraton Hotel, New 
York City, N. Y. Participation by invitation only. 

AMERICAN COLLEGE OF SURGEONS. Clinical Congress, Oct. 14-18, 1957, Convention Hall, 
Atlantic City, N. J. Secretary of the College, Michael L. Mason, 154 E. Erie St., Chi 
eago 11, Il. 

AMERICAN MEDICAL ASSOCIATION. Clinical Meeting, Dec. 3-6, 1957, Auditorium, Phila 
delphia, Pa. Deadline for papers, July 15, 1957. Secretary, American Medical Associa 
tion, George F. Lull, M.D.; Secretary, Council on Scientific Assembly, Thomas G. Hull, 
M.D.; address of both, 535 North Dearborn Street, Chicago 10, Ill. 

THE INTERNATIONAL Society oF ANGIOLOGY. Third International Congress, Oct. 18-21, 1957, 
Ambassador Hotel, Atlantic City, N. J. Secretary-General, Henry Haimovici, M.D., 
105 East 90th St., New York 28, N. Y. 

INTERNATIONAL SOCIETY OF SURGERY. Seventeenth Congress, Oct. 20-27, 1957, City University 
Medical School, Mexico City. Details of hotel accommodations and reservations are heing 
handled by “Mexamericana,” Paseo de la Reforma 44, Mexico, I. D. F. 

New ENGLAND Sureicat Society. Annual Meeting, Oct. 4 and 5, 1957, Mount Washington 
Hotel, Burton Woods, N. H. Deadline for papers, June 1, 1957. Secretary, Richard 
Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 

PAN-PACcIFIC SURGICAL ASSOCIATION. Seventh Congress, Nov. 14-22, 1957. Honolulu, Hawaii. 
Director General, F. J. Pinkerton, M.D., Room 230, Young Building, Honolulu, Hawaii. 

SOUTHERN SURGICAL ASSOCIATION. Annual Meeting, Dec. 10-12, 1957, Greenbrier Hotel, White 
Sulphur Springs, W. Va. Secretary, George G. Finney, M.D., 2947 St. Paul St., Balti- 
more 18, Md. Guests are invited by the Secretary at the request of the Membership. 

WESTERN SuRGICAL ASSOCIATION. Annual Meeting, November 21-23, 1957, Hotel Utah, Salt 
Lake City, Utah. Deadline for submission of papers, Aug. 15, 1957. Secretary, John 
T. Reynolds, M.D., 612 N. Michigan Ave., Chicago 11, Ill. 

AMERICAN ASSOCIATION OF GENITO-URINARY SurGEONS. Annual Meeting, April 25-25, 1998, 
Edgewater Gulf Hotel, Edgewater Park, Miss. Secretary-Treasurer, Dr. Wm. J. Engel, 
2020 East 93rd Street, Cleveland, Ohio. 

Tie AMERICAN ASSOCIATION FOR THORACIC SuRGERY. Annual Meeting, May 16-18, 195s, 
Statler Hotel, Boston, Mass. Secretary, Dr. H. T. Langston, 1919 West Taylor Street, 
Chicago 12, Il. 

AMERICAN GYNECOLOGICAL Soctery. Annual Meeting, May 19-21, 1958, The Grove Park, 
Asheville, N. C. Secretary, Dr. Andrew A. Marchetti, Georgetown University Hospital, 
Washington 7, D. C. 

AMERICAN SurGIcAL ASSOCIATION. Annual Meeting, April 16-18, 1958, Waldorf-Astoria, 
New York, N. Y. Secretary, Dr. William A. Altemeier, Cincinnati General Hospital, 
Cineinnati, Ohio. 

AMERICAN UROLOGICAL ASSOCIATION. Annual Meeting, April 28—-May 1, 1958, Roosevelt 
Hotel, New Orleans, La. Deadline for submission of papers Dec. 1, 1957. Secretary, 
Dr. Samuel L. Raines, 188 South Bellevue Boulevard, Memphis 4, Tenn. 

Tuk CENTRAL SURGICAL ASSOCIATION. Annual Meeting, Feb. 20-22, 1958. Columbus, Ohio. 
Deadline for submission of abstracts, Nov. 15, 1957. Secretary, Dr. Charles D. Branch, 
1002 N. North Street, Peoria, Ill. 

THe Harvey CusHine Society. Annual Meeting, April 21-23, 1958, The Mayflower, Wash 
ington, D. C. Secretary, Dr. David L. Reeves, 316 West Junipero Street, Santa Barbara, 
Calif. 

INTERNATIONAL UNION AGAINST CANCER. Seventh International Cancer Congress, July 6-12, 
1958, London, England. -apers, dealing with new and unpublished work, must be 
submitted with abstract (not over 200 words) before October, 1957. Secretary General, 
Harold Dorn, National Institute of Health, Bethesda 14, Md. 

NEw ENGLAND SurGicaL Society. Annual Meeting, Oct. 3 and 4, 1958, Mount Washington 
Hotel, Burton Woods, N. H. Deadline for submission of papers, June 1, 1958. Secre- 
tary, Dr. Richard Warren, Peter Bent Brigham Hospital, 721 Tuntington Avenue, 
Boston 15, Mass. 

PaciFic Coast Sura@icar Association. Annual Meeting, Feb. 3-5, 1958, Biltmore, 
Barbara, Calif. Secretary, Dr. Carlton Mathewson, Stanford University Hospital, San 
Franciseo, Calif. 

Society OF UNIVERSITy SuRGEONS. Annual Meeting, Feb. 13-15, 1958, Boston, Mass. Dead 
line for submission of abstracts three months prior to meeting. Seeretary, Dr. .James 
I). Hardy, University of Mississippi Medical Center, Jackson, Miss. 
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